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Compounds effective as p2-Adrenoreceptor Agonists as well as PDE4-lnhibitors 
Field of application of the invention 

The invention relates to novel compounds, which act simultaneously as &2-adrenoreceptor agonist and 
as PDE4-inhibitor. They are used in the pharmaceutical industry for the production of medicaments. 

Known technical background 

International Patent Applications W098/31674, WO99/31071 and WO99/31090 disclose phthalazinone 
derivatives having selective PDE4 inhibitory properties. In the International Patent Application 
W094/12461 and in the European Patent Application EP 0 763 534 3-aryl-pyridazin-6-one respectively 
arylalkyl-diazinone derivatives are described as selective PDE4 inhibitors. 

In the International Patent Application W098/37894 the combined application of PDE-inhibitors with 
adenylat-cyclase-agonists is described, in this context ^-sympathomimetics are mentioned as one pos- 
sible example of an adenylat-cyclase-agonist. 

In the International Patent Application WO00/12078 is disclosed the combined application of a PDE4 
inhibitor with a beta adrergenic bronchodilator for the treatment of asthma and COPD. 

Description of the invention 

It has now been found that the pyridazinones, which are described in greater details below, have surpri- 
sing and particularly advantageous properties. 



The invention thus relates to compounds of the formula I 
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in which 

represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 





O 

R4 

R5 

wherein 

R1 is hydroxyl, halogen, 1-4C-alkoxy or 1-4C-aikoxy which is completely or predominantly substi- 
tuted by fluorine, 

R2 Is hydroxyl, halogen, l-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloa!ky!methoxy, or 1-4C-a!koxy 

which is completely or predominantly substituted by fluorine, 
R3 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine , 
R4 is 1-4C-alkyland 
R5 is hydrogen or 1 -4C-alkyl, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur 
atom, 

R6 and R7 represent independently from one another hydrogen or 1-4C-alkyl, or R6 and R7 together 
and with Inclusion of the two carbon atoms, to which they are bonded, form a group selected 
from 
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A represents -C m H2 m -Y-X-C n H2n- or -Y-X-C m H 2m -Z-C n H 2n - 1 wherein 

X represents a bond, -O- (oxygen), -S- (sulfur), -NH-, -0(0)-, -S(0) 2 -, -C(0)-NH-, -NH-C(O)-, 
-C(S)-NH-, -NH-C(S)-, -NH-C(0)-NH- or -NH-C(S)-NH- ( 

Y represents a bond, phenylene, 4-8C-cycloalkylene or azacycloalkylene, 

Z represents -0-, -S-, -S(0) 2 -, -NH-C(O)-, -C(0)-NH-, -NH-C(S)- or -C(S)-NH-, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4, 
R8 is hydrogen or 1-4C-alkyl, 

Ar 2 represents a 8-hydroxy-1H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
andR11, 



R9 is hydrogen, halogen, hydroxyl, amino, ureido [-NH-CfOJ-NHJ, formylamino [-NH-C(0)H], 
1-4C-alkylcarbonylamino, di-1-4C-alkylaminocarbonyloxy, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl , 1 -4C-alkylcarbonyloxy , 1 -4C-alkyl, 1 -4C-alkoxy , 1 -4C-alkylsulfony lamino, 
1-4C-alkylsulfonylmethyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxyl, cyano, trifluoromethyl, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl or 1-4C-alkylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 

1-40alkyl is a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples are the 
butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyl, ethyl and methyl radicals. 

Halogen within the meaning of the invention is chlorine, bromine or fluorine. 

1-4C-aikoxy is a radical which, in addition to the oxygen atom, contains a straight-chain or branched 
alkyl radical having 1 to 4 carbon atoms. Alkoxy radicals having 1 to 4 carbon atoms which may be 
mentioned in this context are, for example, the butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, iso- 
propoxy, ethoxy and methoxy radicals. 



wherein 
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3-7C-cydoalkoxy stands for cyclopropyloxy, cyclobutyloxy, cyciopentyloxy, cyclohexyloxy and cyclo- 
heptyloxy. 

3-7C-cycloalkylmethoxy stands for cyclopropylmethoxy, cyclobutylmethoxy, cyclopentylmethoxy, cyclo- 
hexylmethoxy and cycloheptylmethoxy. 

1-4C-alkoxy which is completely or predominantly substituted by fluorine is, for example, the 
2,2,3,3,3-pentafiuoropropoxy, the perfluoroethoxy, the 1 ,2,2-trifluoroethoxy and in particular the 
1,1,2,2-tetrafluoroethoxy, the 2,2,2-trifluoroethoxy, the trifiuoromethoxy and the difluoromethoxy radical, 
of which the difluoromethoxy radical is preferred. "Predominantly" in this connection means that more 
than half of the hydrogen atoms of the 1-4C-alkoxy group are replaced by fluorine atoms. 

As spiro-linked 5-, 6- or 7-membered hydrocarbon rings, optionally interrupted by an oxygen or sulphur 
atom, may be mentioned the cyclopentane, cyclohexane, cycloheptane, tetrahydrofuran, tetrahydropy- 
ran and the tetrahydrothiophen ring. 

Possible radicals -(CH 2 ) m -, in which m can have the meaning 0, 1, 2, 3 or 4 are straight chain or 
branched divalent alkylene radicals. Examples which may be mentioned are the butylene, isobutylene, 
sec-butylene, tert-butylene, propylene, isopropylene, ethylene and the methylene radical. The radical 
-(CH 2 ) m - represents a bond, if m is zero. 

Possible radicals -C m H 2rtl -, in which m can have the meaning 0, 1, 2, 3 or 4 are straight chain or 
branched divalent alkylene radicals. Examples which may be mentioned are the butylene, isobutylene, 
sec-butylene, tert-butylene, propylene, isopropylene, ethylene and the methylene radical. The radical 
-Cm^W represents a bond, if m is zero. 

Possible radicals -(CH 2 ) n - f in which n can have the meaning 1 , 2, 3 or 4 are straight chain or branched 
divalent alkylene radicals. Examples which may be mentioned are the butylene, isobutylene, sec- 
butylene, tert-butylene, propylene, isopropylene, ethylene and the methylene radical. 

Possible radicals -CnH^-, in which n can have the meaning 1 , 2, 3 or 4 are straight chain or branched 
divalent alkylene radicals. Examples which may be mentioned are the butylene, isobutylene, sec- 
butylene, tert-butylene, propylene, isopropylene, ethylene and the methylene radical. 



An 1-4C-alkylcarbonylamino radical is, for example, the propionylamino [C 3 H 7 C(0)NH-] and the acetyl- 
amino radical [CH 3 C(0)NH-]. 
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4-8C~cycloaJkylene stands for cyciobutylene, cyclopentylene, cyclohexylene, cycloheptylene or cyclo- 
octylene. Preferred examples are 1,4-cyclohexylene and 1 ,3-cyclohexylene. 

Azacycloalkylene stands for a divalent 5-7C-cycloalkylene radical, in which one or two of the ring 
carbon atoms are substituted by a nitrogen atom. Examples which may be mentioned are the 
4,1-piperidinylene t the 1 ,4-piperidinylene, the 1,4-homopiperazinylene, the 1 ,4-piperazinylene and the 
3,1-pyrrolidinyIene radical. 

Mono- or Di-l-4C-alkylamino radicals contain in addition to the nitrogen atom, one or two of the above- 
mentioned 1-4C-alkyl radicals. Examples which may be mentioned are the di-1-4C-alkylamino radicals, 
especially the dimethylamino, the diethylamino and the diisopropylamino radical. 

Mono- or Di-1-4C-alkylaminocarbonyloxy radicals contain in addition to the carbonyl group one of the 
above-mentioned mono- or di-1-4C-alkylamino radicals. Examples which may be mentioned are the 
N-methyl- the N,N-dimethyl-, the N-ethyl-, the N-propyl-, the N,N-diethyi- and the N-isopropylamino- 
carbonyloxy radical. 

1-4C-A!kylcarbony!oxy stands for a carbonyloxy group to which one of the above-mentioned 1-4C-alkyl 
radicals is bonded. An example is the acetoxy radical [CH 3 C(0)-0-], 

1-4C-Alkylsulfonylamino is a sulfonyiamino (-S0 2 -NH-) group to which one of the above-mentioned 
1-4C-alkyl radicals is bonded. An example is the methanesulfonylamino radical (CH 3 S0 2 NH-). 

1-4C-Alkylsulfonylmethyl is a sulfonylmethyl (-S0 2 -CH 2 -) group to which one of the above-mentioned 
1-4C-alkyl radicals is bonded. An example is the methanesulfonylmethyl radical (CH 3 S0 2 CH 2 -). 

1-4C-A!koxy-1-4C-alkyl stands for one of the above-mentioned 1-4C-alkyl radicals which is substituted 
by one of the above-mentioned 1-4C-alkoxy radicals. Examples which may be mentioned are the 
methoxymethyl, methoxyethyl and the butoxyethyl radical. 

Ar 2 represents a 8-hydroxy-1H-quinoIin-2-on-5-yl radical or a phenyl radical substituted by R9 f R10 and 
R11. Examples which may be mentioned for the phenyl radical substituted by R9, R10 and R11 are 
phenyl, 4-amino-3-chloro-5-cyanophenyl, 4-hydroxy-3-hydroxymethylphenyl, 4-amino-3-cyanophenyl, 

4- amino-3,5-dichlorophenyl, 4-amino-3-chloro-5-trifluoromethylphenyl, 4-aminophenyl, 
3,4-dihydroxyphenyl, 3,5-dihydroxyphenyl, 3,5-bis-toiylcarbonyloxyphenyl, 4-hydroxy-3-ureido-phenyl, 
3-formylamlno-4-hydroxyphenyi, 4-hydroxyphenyl, 3-amino-5-hydroxyphenyi, 2-fluorophenyi, 3-amino- 

5- hydroxymethylphenyl 3,5-di-tert-butylcarbonyloxyphenyl, 3,5-di-isopropylcarbonyloxyphenyl, 
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2-chloro-4-hydroxypheny), 2-fluoro-4-hydroxyphenyl, 3-fluoro-4-hydroxyphenyl, 4-hydroxy-3- 
methoxyphenyl, 4-hydroxy-3-methylsulfonamidophenyl and 4-hydroxy-3-methylsulfonylmethylphenyl. 

Preferred examples of Ar 2 are 4-amino-3-chloro-5-cyanophenyl, 4-hydroxy-3-hydroxymethylphenyl, 
4-amino-3-cyanophenyl, 4-amino3-chloro-5-trifiuoromethyiphenyi and 4-amino-3,5-dichlorophenyl. 

Suitable salts for compounds of the formula I - depending on substitution - are all acid addition salts or 
all salts with bases. Particular mention may be made of the pharmacologically tolerable inorganic and 
organic acids and bases customarily used in pharmacy. Those suitable are, on the one hand, water- 
soluble and water-insoluble acid addition salts with acids such as, for example, hydrochloric acid, hy- 
drobromic acid, phosphoric acid, nitric acid, sulphuric acid, acetic acid, citric acid, D-gluconic acid, 
benzoic acid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sulphosalicylic acid, maleic acid, lauric 
acid, malic acid, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic acid, tolu- 
enesulphonic acid, methanesulphonic acid or 3-hydroxy-2-naphthoic acid, the acids being employed in 
salt preparation - depending on whether a mono- or polybasic acid is concerned and depending on 
which salt is desired - in an equimolar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are - depending on substitution - also suitable. As examples of 
salts with bases are mentioned the lithium, sodium, potassium, calcium, aluminium, magnesium, tita- 
nium, ammonium, meglumine or guanidinium salts, here, too, the bases being employed in salt prepa- 
ration in an equimolar quantitative ratio or one differing therefrom. 

Pharmacologically intolerable salts, which can be obtained, for example, as process products during 
the preparation of the compounds according to the invention on an industrial scale, are converted into 
pharmacologically tolerable salts by processes known to the person skilled in the art. 

According to expert's knowledge the compounds of the Invention as well as their salts may contain, e.g. 
when isolated in crystalline form, varying amounts of solvents. Included within the scope of the inven- 
tion are therefore all solvates and in particular all hydrates of the compounds of formula I as well as all 
solvates and In particular ail hydrates of the salts of the compounds of formula I. 

Compounds of the formula I to be emphasized are those in which 

A^ represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 
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R1 




R2 



(la) 



R3 




(lb) 



R5 



wherein 

R1 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R4 is 1-4C-alkyland 
R5 is hydrogen or 1 -4C-alkyl, 

or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R6 and R7 represent independently from one another hydrogen or 1-4C-alkyl, or R6 and R7 together 
and with inclusion of the two carbon atoms, to which they are bonded, form a group selected 



and A either represents -CmH^-Y-X-CnH^-, wherein either 
X represents a bond, 

Y represents a bond, 

m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -0-, -S-, -C(O)-, -S^-, -C(0)-NH- or -C(S)-NH-, 

Y represents 1 ,4-phenylene, 1,3-phenylene, 1 f 4-cyclohexylene, 1 ,3-cyclohexylene or 
1,3-cyclopentylene, 

m is an integer from 0 to 4, and 



from 
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n is an integer from 1 to 4, 
or 

X represents a bond, -0(0)-, -SfO^-, -C(0)-NH- or -C(S)-NH-, 

Y represents 4, 1 -piperidinylene, 
m is 0, and 

n is an integer from 1 to 4, 
or 

X represents a bond, -C(O)-, -S(0) 2 -, -C(0)-NH- or -C(S)-NH-, 

Y represents 1 ,4-piperazinylene, 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 

or 

A represents -Y-X-C m H 2m -Z-C n H 2n -, wherein 

X represents a bond, -C(O)-, -S(0) 2 -, -C(0)-NH- or -C(S)-NH-, 

Y represents 4,1 -piperidinylene, 

Z represents a bond, -0-, -S-, -S(0) 2 - or -C(0)-NH-, 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -0-, -S-, -C(O)-, -S(0) 2 -, -C(0)-NH- or -C(S)-NH-, 

Y represents 1,4-phenylene, 1 ,3-phenylene, 1,4-cyclohexylene, 1 ,3-cyclohexy!ene or 
1 ,3-cyclopentylene, 

Z represents a bond, -0-, -S-, -S(0) 2 - or -C(0)-NH-, 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
R8 is hydrogen, methyl or ethyl, 

Ar 2 represents a 8-hydroxy-1H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R1 1 , wherein 

R9 is hydrogen, halogen, hydroxyl, amino, ureido [-NH-CfOy-NHJ, formylamino [-NH-C(0)H], 
1-4C-alkylcarbonylamino, di-1-4C-alkylaminocarbonyloxy, tolylcarbonyloxy [-O-CIO^CqH^CHJ, 
hydroxymethyl, 1 -4C-alkylcarbonyloxy, 1 -4C-alkyl, 1 -4C-alkoxy, 1 -4C-alkyIsulfonylamino, 
1-4C-alkylsulfonylmethyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxyl, cyano, trifluoromethyl, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl or 1-4C-alkylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 
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Compounds of the formula I which are particularly to be emphasized are those in which 
Ar 1 represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 




R1 is 1 -2C-alkoxy or 1 -2C-alkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-2C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-2C-alkoxy or 1-2C-aikoxy which is completely or predominantly substituted by fluorine, 
R4 is methyl and 
R5 Is hydrogen, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 

linked cyclopentane or cyclohexane ring, 
R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 

selected from 




and A either represents -CmH^-Y-X-CnHan-, wherein 
either 

X represents a bond, 

Y represents a bond, 

m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -O- or -qctyNH-, 

Y represents 1 ,4-phenylene or 1 ,4-cyclohexylene, 
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m is an integer from 0 to 4, and 

n is an integer from 1 to 4, 
or 

X represents a bond, -C(O)-, -S(0) 2 - or -C(S)-NH-, 

Y represents 4,1-piperidinylene, 

m is 0, and 

n is an integer from 1 to 4, 



A represents -YOC-CmH^-Z-C^n-, wherein 
either 

X represents a bond or -C(O)-, 

Y represents 4, 1 -piperidinylene, 

Z represents a bond, -S- or -S(0) 2 - f 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -O- or -C(0)-NH-, 

Y represents 1 ,4-phenylene or 1 ,4-cyclohexylene, 
Z represents a bond, 

m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
R8 is hydrogen, 

Ar 2 represents a 8-hydroxy-1 H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R11, wherein 

R9 is hydrogen, hydroxyl or amino, 

R10 is hydrogen, halogen, cyano, trifluoromethyl or hydroxy methyl, 
R1 1 is hydrogen or halogen, 
and the salts of these compounds. 

Preferred compounds of formula I are those in which 

Ar, represents a phenyl radical of formula (la) substituted by Rl and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



or 
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R2 



(la) 



R3 




(lb) 



R5 



wherein 

R1 is methoxy or ethoxy, 
R2 is methoxy or ethoxy, 
R3 is methoxy, 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane ring, 

R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 
selected from 



and A either represents -C m H 2m -Y-X-C n H 2n -, wherein 
either 

X represents a bond, 

Y represents a bond, 

m is an integer from 1 to 4, and 

n is an integer from 1 to 4, 
or 

X represents a bond, -O- or -C(0)-NH-, 

Y represents 1 ,4-phenylene, 
m is an integer from 0 to 1 , and 
n is an integer from 1 to 4, 

or 

X represents a bond, -C(O)-, -S(0) 2 - or -C(S)-NH-, 

Y represents 4,1 -piperidinylene, 
m is 0, and 

n is an integer from 1 to 4, 




or 
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A represents -Y-X-C m H 2fn -Z-C n H 2n -, wherein 
X represents a bond or -C(O)-, 
Y represents 4,1-piperidinylene, 



Z represents a bond, -S- or -S(0) 2 - f 



m is 2 or 3, and 



n is 2 or 3, 
R8 is hydrogen, 

Ar 2 is phenyl, 4-amino-3-chloro-5-cyanophenyl, 4-amino-3-ch!oro-5-trtfluoromethylphenyl, 4-hydroxy- 

3-hydroxymethylphenyl, 4-amino-3-cyanophenyl or 4-amino-3,5-dichlorophenyi f 
and the salts of these compounds. 

One embodiment (embodiment A) of the compounds of fomula I are those, in which 
Ar 1 represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



R1 is hydroxyl, halogen, 1-4C-alkoxy or 1-4C-aikoxy which is completely or predominantly substi- 
tuted by fluorine, 

R2 is hydroxyl, halogen, 1-8C-a(koxy, 3-7C-cyc!oalkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy 

which is completely or predominantly substituted by fluorine, 
R3 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cyc!oalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R4 is 1-4C-alkyIand 
R5 is hydrogen or 1-4C-a!kyl, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur 
atom, 




(ib) 



R5 



wherein 
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R6 and R7 represent independently from one another hydrogen or 1-4C-aJkyl, or R6 and R7 together 
and with inclusion of the two carbon atoms, to which they are bonded, form a group selected 



A represents -(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 

X represents a bond, -0- (oxygen), -S- (sulfur), -NH-, -C(O)-, -C(0)-NH- or -NH-C(0)-NH-, 

Y represents a bond, phenylene, 4-8C-cycloalkylene or azacycloalkylene, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4, 
R8 is hydrogen or 1-4C-alkyI, 

Ar 2 represents a 8-hydroxy-1 H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R11, 



R9 is hydrogen, halogen, hydroxy!, amino, ureido [-NH-C(0)-NH 2 ] t formylamino [-NH-C(0)H], 
1-4C-alkytcarbonylamino t di-1-4C-alkylaminocarbonyloxy, tolylcarbonyloxy [-0-C(O)-C 6 H 4 -CH3], 
hydroxymethyl, 1 -4C-alkylcarbonyloxy , 1 -4C-alkyl, 1 -4C-alkoxy, 1 -4C-alkylsulfonylamino ? 
1-4C-alkylsulfony!methyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxyl, cyano, trifluoromethyl, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl or 1-4C-aikylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 



from 




wherein 



Compounds of the formula I of embodiment A to be emphasized are those in which 
A^ represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3 t R4 and R5 
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wherein 

R1 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R4 is1-4C-alkyland 
R5 is hydrogen or 1-4C-alkyl, 

or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R6 and R7 represent independently from one another hydrogen or 1-4C-alkyl, or R6 and R7 together 
and with inclusion of the two carbon atoms, to which they are bonded, form a group selected 
from 




A represents -(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 

X represents a bond, -O- (oxygen), -NH-, -C(O)- or -C(0)-NH-, 

Y represents a bond, phenylene, cyclopentylene, cyclohexylene, piperidinylene or piperaz- 
inylene, 

m Is an integer from 0 to 4, 
n Is an Integer from 1 to 4, 
R8 is hydrogen, methyl or ethyl, 

Ar 2 represents a 8-hydroxy-1H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R11, wherein 
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R9 is hydrogen, halogen, hydroxyl, amino, ureido [-NH-CfOJ-NHJ, formylamino [-NH-C(0)H], 
1-4C-aIkylcarbonylamino, di-1-4C-a!M amin °carbonyloxy, tolylcarbonyloxy [-O-CfOJ-CgH^CHJ, 
hydroxymethyl, 1-4C-aikylcarbonyloxy, 1-4C-aIkyl, 1-4C-alkoxy, 1-4C-alkylsulfonylamino, 
1-4C-a!kylsulfonylmethyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxyl, cyano, trifluoromethyl, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl or 1-4C-alkylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 

Compounds of the formula I of embodiment A which are particularly to be emphasized are those in 
which 

represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 




wherein 

R1 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-2C-a!koxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-2C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R4 is methyl and 
R5 is hydrogen, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 

linked cyclopentane or cyclohexane ring, 
R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 

selected from 
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A represents -(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 
X represents a bond or -C(O)-, 

Y represents a bond, 1 ,4-phenylene, 1 ,4-cyclohexylene or 4,1 -piperidinylene, 
m is an integer from 0 to 4, 
n is an integer from 1 to 4, 
R8 is hydrogen, 

Ar 2 represents a 8-hydroxy-1H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R1 1 , wherein 

R9 is hydrogen, hydroxy! or amino, 

R1 0 is hydrogen, halogen, cyano, trifluoromethyl or hydroxymethyl, 
R1 1 is hydrogen or halogen, 
and the salts of these compounds. 

Preferred compounds of formula I of embodiment A are those in which 

Ar, represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



wherein 

R1 is methoxy, ethoxy or difluoromethoxy, 
R2 is methoxy or ethoxy, 
R3 is methoxy, 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane ring, 

R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 
selected from 




(ib) 



R5 
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A represents ~(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 

X represents a bond, 

Y represents a bond or 1 ,4-phenylene, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4, 
R8 is hydrogen, 

Ar 2 is phenyl, 4-amino-3-chloro-5-cyanophenyl, 4-amino-3-chloro-5-trifiuoromethyiphenyl, 4-hydroxy- 

3-hydroxymethyiphenyl, 4-amino-3-cyanophenyl or 4-amino-3,5-dichlorphenyl, 
and the salts of these compounds. 

For the purpose of this invention the following numbering is used in the phthaiazinone respectively 
pyridazinone part of the compounds of formula I: 

Numbering pyridazinone compounds 




R6 R7 



Numbering phthaiazinone compounds 
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The compounds of formula I are chiral compounds with - depending of the meaning of Ar^ - a chiral 
center in the dihydrobenzofuranyl radical, if the substituents -R4 and -CH 2 R5 are not identical. How- 
ever, preferred are those compounds, in which the substituents -R4 and -CH 2 R5 are identical or to- 
gether and with inclusion of the carbon atoms to which they are bonded form a spiro-connected 5-, 6- 
or 7-membered hydrocarbon ring. 

Further possible chiral centers in the compounds of formula I are marked in the following formula I* with 
an asterix (*): 



The invention includes all conceivable pure diastereomers and pure enantiomers, as well as all mix- 
tures thereof independent from the ratio, including the racemates. 

In those cases, wherein R6 and R7 together and with inclusion of the two carbon atoms, to which they 
are bonded, form a group selected from 



those compounds are preferred, in which the hydrogen atoms in the positions 4a and 8a are cis-confi- 
gurated. Especially preferred in this connection are those compounds, in which the absolute configura- 
tion (according to the rules of Cahn, Ingold and Prelog) is S in the position 4a and R in the position 8a. 

(4a,8a)-cis-Racemates can be split up into the corresponding enantiomers by methods known by a 
person skilled in the art. Preferably the racemic mixtures are separated into two diastereomers during 
the preparation with the help of an optical active separation agent on the stage of the cyclohexane- 
carboxylic acids or the 1,2,3,6-tetrahydrobenzoic acids. As separation agents may be mentioned, for 
example, optical active amines such as the (+)- and (-)-forms of 1-phenylethylamine [(R)-(+)-l-phen- 




R6 



R7 
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ylethylamine = D-a-methylbenzylamine or (S)-(-)-1-pheny!ethylamine = L-a-methylbenzylamine) and 
ephedrine, the optical active alkaloids quinine, cinchonine, cinchonidine and brucine. 

The preparation of (4aS t 8aR) configurated ^(S^-diaikoxyphenylHa^.S.Sa-tetrahydro-ZH-phthalazin- 
1-ones or 4-(3,4-dialkoxyphenyl)-4a.5,6 > 7 I 8 t 8a-hexahydro-2H-phthala2in-1-ones is described, for ex- 
ample, in the international application W098/31674. 

The preparation of (4aS, 8aR) configurated 4-(2,3-dihydro-7-alkoxybenzofuran-2-spiro-V-cyclopentan- 
4-yl)-4a,5 I 6,7,8,8a-hexahydro-2H-phthalazin-1-ones is described, for example, in the international app- 
lication WO99/31090. 

One group of preferred compounds of formula I are those in which the divalent radical A has a longitu- 
dinal extension of about 4 to about 6 carbon carbon bonds. Examples which may be mentioned in this 
connection are tetramethylene, pentamethylene, hexamethylene or phenylethylene. 

Another group of preferred compounds of formula I are those in which Y represents a 1,4-phenylene or 
4,1-piperidinylene radical. 

The invention further relates to processes for the preparation of compounds of formula I and their salts. 

Several alternative synthetic routes to compounds of formula I are described in the Reaction Schemes I 
to IX. 

Reaction Scheme I describes the preparation of compounds of formula I starting from 2H-phthalazin-1- 
one or 2H-pyridazin-1-one compounds. These are reacted in a first reaction with appropriate a,co-diha- 
logenalkanes (if A represents an alkylene chain) to give the corresponding 2-(co-halogenalky!)phthala- 
zin-1-ones or 2-(a)-halogenalkyl)pyridazinones. In a second reaction these compounds are then con- 
verted to compounds of formula I through reaction with an 2-amino-1-(phenyl)ethanol derivative. Com- 
pounds of formula I in which A contains additional to the alkylene chain further groups, for example a 
1,4-phenylene radical, can be prepared in an analogous manner. 
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Reaction Scheme i: 

[particularly suitable for compounds of formula I, in which 
A represents -C^^-Y-X-CnhV wherein 
X represents a bond, 

Y represents a bond, phenylene or 4-8C-cycIoalkylene, 
m is an integer from 0 to 4, 
n is an integer from 1 to 4] 




C m H 2m -Y-X-C n H 2n -Hal 




O + Ha|.C m H 2m .Y.X-C n H 2n -Hal 



REACTION 1 



compounds 1a-1h, 1k, 11 




REACTION 2 




C m H 2n1 -Y-X-C n H 2 -^} OH 
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Reaction Scheme II: 

[particularly suitable for compounds of formula I, in which 
A represents -C m H 2fn -Y-X-C n H 2n - wherein 
X represents a bond, 

Y represents a bond, phenylene or 4-8C-cycloalkylene, 
m is an integer from 0 to 4, 
n is an integer from 1 to 4] 



/C^-Y-X-C^-Hal 
N-N 
Ar«— ({ >=0 



R6 R7 




REACTION 3 



/ 
N-N 

R6 R7 



VP 



hydrazine hydrate 



REACTION 4 



✓ m 2m 

N-N 
Ar,— (_>= 0 

R6 R7 



/ 

C m H, m -Y-X-C n H 5 -{| OH REACTIONS N_N 



C.nH^-Y-X-C^NH, 



1. R8 Ar, ) — ( 



Br O 
2: NaBH 4 



Reaction Scheme II starts with the 2-(©-halogenalkyl)phthalazin-1-ones or 2-(o)-halogenalkyl)pyridazi- 
nones already described in Reaction Scheme I. In a first reaction the halogen atom is replaced by an 
amino group via a Gabriel synthesis (for example as described in Angew. Chem. 80, 986-996). The i- 
(phenyl)ethanol part of the compounds of formula I is introduced with the help of a 2-bromo- 
acetophenone derivative followed by a reduction step. 
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Reaction Scheme III also starts with the 2-(<D-halogenalkyl)phthalazin-1-ones or 2-(o>-halogenalkyl)pyri- 
dazinones already described in Reaction Scheme I. In this alternative the amino function is introduced 
through reaction with benzylamine. The 1-(phenyl)ethanol part of the compounds of formula I is again 
introduced with the help of a 2-bromoacetophenone derivative followed by a reduction step. Finally the 
benzyl group is removed, for example, by catalytic hydrogenation. 

Reaction Scheme HI: 

[particularly suitable for compounds of formula I, in which 
A represents -^H^-Y-X-CnH^- wherein 
X represents a bond, 

Y represents a bond, phenylene or 4-8C-cycloalkylene, 
m is an integer from 0 to 4, 
n is an integer from 1 to 4] 
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Reaction scheme IV: 

[particularly suitable for compounds of formula I, in which 
A represents -C m H 2m -Y-X-C n H 2n - I wherein 

X represents -O- (oxygen) or -S- (sulfur), 

Y represents phenylene or 4-8C-cycloalkylene, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4]; 

Exemplarily shown is X = -O- and Y = phenylene: 
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Reaction scheme V: 

[particularly suitable for compounds of formula I, in which 
A represents -C m H 2m -Y-X-C n H 2n - t wherein 

X represents -C(O)- or -S(0) r , 

Y represents azacycloalkylene, 

m is 0, 

n is an integer from 1 to 4]; 
Exemplarily shown is X = -C(O)- and Y = 4,1-piperidinylene: 
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Reaction scheme VI: 

[particularly suitable for compounds of formula I, in which 
A represents -C m H 2m -Y-X-C n H 2n " I wherein 

X represents -SfOV, 

Y represents azacycloalkylene, 

m is 0, 

n is 2] 

Exemplarily shown is Y = 4,1-piperidinylene: 
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Reaction scheme VII: 

[particularly suitable for compounds of formula I, in which 
A represents -Y-X-C^H^-Z-CnH^-, wherein 

X represents a bond, 

Y represents azacycloalkylene, 

Z represents -S(0) 2 -, 

m is an integer from 1 to 4, 

n is 2]; 

Exemplarily shown is Y = 4,1-piperidinylene: 
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Reaction scheme VIII: 

[particularly suitable for compounds of formula I, in which 
A represents -Y-X-C m H 2m -Z-C n H 2n -, wherein 

X represents -C(O)-, 

Y represents azacycloalkylene, 

Z represents -O-, -S- or -SCO^-, 

m is an integer from 1 to 4, 

n is an integer from 1 to 4]; 



WO 01/94319 



PCT/EP01/06230 



•29- 



Reaction scheme IX: 

[particularly suitable for compounds of formula I, in which 
A represents -C m H 2m -Y-X-C n H 2n - > wherein 

X represents -NH-C(0)-NH- or -NH-C(S)-NH-, 

Y represents phenylene or 4-8C-cycloalkylene, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4]; 

Exemplarily shown is X = -NH-C(S)-NH- and Y = phenylene: 



o o 

Arr \ / 0H 

R6 R7 



Arr-f>0 
R6 R7 



R6 R7 



H 



S C n H 2n -NH-boc 



Ar,— y_^=° 
R6 R7 

REACTION 5 



S C^-NH, 



1- R \/ Ar * 
HjN OH 
Z NaBH 4 



R«. Ar, 



R6 R7 
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Further compounds of formula I, whose preparation is not explicitly described in the above reaction 
schemes can be prepared analogously to the methods described in the following examples or accord- 
ing to customary preparation methods known to the person skilled in the art. 

All the starting compounds are known or can be prepared according to customary preparation methods 
known to the person skilled in the art. 

The preparation of appropriate starting compounds with a phthalazinone structure is described for ex- 
ample in W098/31674, WO99/31090 or EP0934933. The preparation of appropriate starting com- 
pounds with a pyridazinone structure is described for example in EP01 63965. 

Suitably, the conversions are carried out analogous to methods which are familiar per se to the person 
skilled in the art, for example, in the manner which is described in the following examples. 

It is moreover known to the person skilled in the art that if there are a number of reactive centers on a 
starting or intermediate compound it may be necessary to block one or more reactive centers tempo- 
rarily by protective groups in order to allow a reaction to proceed specifically at the desired reaction 
center. A detailed description for the use of a large number of proven protective groups is found, for 
example, in T. W. Greene, Protective groups in organic Synthesis, John Wiley & Sons, 1991. 

The substances according to the invention are isolated and purified in a manner known per se, e.g. by 
distilling off the solvent in vacuo and recrystallizing the residue obtained from a suitable solvent or 
subjecting it to one of the customary purification methods, such as column chromatography on a suit- 
able support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (for example a ketone like 
acetone, methylethylketone, or methylisobutylketone, an ether, like diethyl ether, tetrahydrofuran or 
dioxane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low molecular 
weight aliphatic alcohol, such as ethanol, isopropanol) which contains the desired acid or base, or to 
which the desired acid or base is then added. The salts are obtained by filtering, reprecipitating, precipi- 
tating with a non-solvent for the addition salt or by evaporating the solvent. Salts obtained can be con- 
verted by basification or by acidifying into the free compounds which, in turn, can be converted into 
salts. In this manner, pharmacologically non-tolerable salts can be converted into pharmacologically 
tolerable salts. 
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The following examples illustrate the invention in greater detail, without restricting it. The compounds, 
which are mentioned in the examples as well as their salts are preferred compounds of the invention. 
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Examples 



Final products 

1. (cis)-2-(4"[{2-(4-amino-3 J 5-dichlorophenyl)-2-hydroxyethyl}-amino]-1-butyl)^ 
oxyphenylHa.S^J^.Sa-hexahydro^H-phthalazin-l-one fumarate 

Prepared from compound 1a and compound A according to REACTION 2. M. p. 85-88°C 

2. (cis)-2-(6-[{2-(4-amlno-3 I 5^ichlorophenyl)-2-hydroxyethyl}-amino]-1-hexyl)-4-(3,4^^ 
oxyphenyD^S^J^^a-hexahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 1b and compound A according to REACTION 2. M. p. 1 10-1 12°C 

3. (cis)-2-(8-[{2-(4-amino-3 l 5-dichlorophenyl)-2-hydroxyethyl}-amino]-1-octyl)-4-(3,4-dimeth 
oxyphenyD^S^J^Sa-hexahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 1c and compound A according to REACTION 2. M. p. 11 1-113°C 

4. (cis^-fS-rg-^-amino-^S-dichlo^^ 
oxyphenyiMa^.ej^^a-hexahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 1d and compound A according to REACTION 2. M. p. 109-111°C 

5- (cis)-2-{4-(2-[{2-(4-amino-3 > 5-dichlorophenvl)-2-hydroxyethyl}amino]-1-ethyl}phenvl)-4- 
(S^-dimethoxyphenyD^a^^^a-tetrahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 1j and compound A according to REACTION 2. M. p. 121-125°C 

6. (cisl^-te-rtt-^-amino-^S-dicm 

oxyphenyD^a^^.Sa-tetrahydro^H-phthalazin-l-one hemifumarate 



Prepared from compound 1e and compound A according to REACTION 2. M. p. 1 19-122°C 
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7. (cis)-2-(6-[{2-(4-amino-3 > 5 l dichlorophenyl)-2-hydroxyethyl}amino1-1 -hexylH-(3,4-dimeth- 
oxyphenyl)-2H-phthalazin-1 -one hemif umarate 

Prepared from compound 1k and compound A according to REACTION 2. M. p. 107-1 10°C 

8. (cis)-2-(2-r{2^4-amfno-3,5-dichlorophenyl)^ 
7-methoxybenzofuran-2-spiro-1 , -cyclopentan-4-yl)-4a > 5 > 8 > 8a-tetrahydro-2H-phthafazin-1- 



Prepared from compound 1i and compound A according to REACTION 2. M. p. 176-177°C 

9- (cis^-^-f^-^-amino^S-dichlorophenyl)^^ 

7-methoxybenzofuran-2-spiro-r-cyclopentan-4-yl)-4a > 5 > 8 > 8a-tetrahydro-2H-phthalazi 
one hemifumarate 

Prepared from compound 1h and compound A according to REACTION 2. M. p. 120-123°C 

10- (cis)-2-(6-[{2-(4-amino-3Adichlorophen^^^ 
difluoromethoxypheny])-2H-pyridazii>3-one hemifumarate 

Prepared from compound 11 and compound A according to REACTION 2. M. p. 80-85°C 

11 « (cis)-2-(4-I{2-(4-amino-3-chlo^ 

methoxyphenvn-4a,5,8,8a-tetrahydro-2H-phthalazin-1-one hemifumarate 

Prepared from compound 3b and compound D according to REACTION 5. M. p. 115-1 18°C. 

12. (cis)-2-(5-K2^4-amino-3-chloro-5-cyan 
methoxyphenyD^a^^.Sa-tetrahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 3c and compound D according to REACTION 5. M. p. 121-123°C 

13. (cis)-2-(6-K2-(4-amino-3-Ghloro-5-c^^ 
methoxyphenyD^a^^^a-tetrahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 3a and compound D according to REACTION 5. M. p. 168-170°C 



one 



WO 01/94319 PCT/EP01/06230 

-34- 

14. (cis)-4-(3Adimethoxyphenyl)-2-(6-[{2-(4-hydroxy-3-hydroxvmethylphenyl)-2-hydroxv- 
ethy^aminol-l-hexyQ^a^^J^^a-hexahydro^H-phthalazin-l-one hemifumarate 

Prepared from compound 1b and compound C according to REACTION 2. M. p. 99-1 03°C 

15. (cis)-2-(8-[{2-(4-hydroxy-3-hydroxymethylphenyl)-2^ 
methoxyphenyQ-S^J^^JO-hexahydro-l-phthalazinone 3/4fumarate 

Prepared from compound 1c and compound C according to REACTION 2. M. p. 66-70°C 

16. (cls)-2-(6-[{2-(4-hydroxy-3-hydroxymethylphenyl)^ 
methoxyphenylHa,5,8,8a-tetrahydro-2H-phthatazin-1-one hemifumarate 

Prepared from compound 1e and compound C according to REACTION 2. M. p. 96-99°C 

17. (cis)-2-(6-[{2-(4-amino-3-chloro-5-^ 
(S^-dimethoxyphenyQ^a^^J^^a-hexahydro^H-phthalazin-l -one 3/4fumarate 

Prepared from compound 1b and compound B according to REACTION 2. M. p. 102-1 05°C 

18. (cis)-2-(6-[{2-(4-amino-3-cyanophenyl)^ 
phenyQ^a^^J^^a-hexahydro^H-phthalazln-l-one hemifumarate 

Prepared from compound 4 and compound E according to REACTIONS 7, 8 and 9. M. p. 101-103°C 

19. (cis)-4-(3 > 4-dimethoxyphenyl)-2-[6-{(2-pheny»-2-hydroxyethyl)ammo}-1-hexyl]^a > 5 > 6J l 83a- 
hexahydro-2H-phthalazin-1 -one 3/4fumarate 

Prepared from compound 1b and 2-amino-1-phenylethanol according to REACTION 2. 
M. p. 110-115°C. 

20. 2-Amino-3-chloro-5-[2-(4-{4--[(4aS > 8aR)-4-(3 > 4-dimethoxy-pheny1)-1-<)xo-4a y 5 y 8 > 8a- 
tetrahydro-1H-phthalazin-2-yn-piperidin'1-ylH-oxo-butylamino)-1"hydroxy-ethyi]- 
benzonitrile fumarate 



Prepared from starting compound 5a and starting compound D according to REACTION 5. 
M. p. 212-216°C. 
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21. (4aS l 8aR)-2-(4-{4-[2-(4-Amino-3 ) 5Kjichloro-phenyl)-2-hydroxy-ethylaminol-butoxy}- 
phenyl)-4«(3 t 4-dimethoxy-phenyl)-4a,5,8,8a-tetrahydro-2H-phthalazin-1-onefumarate 

Prepared from compound 6a and compound A according to REACTION 2. M. p. 126-127°C. 

22. (4aS,8aR)-2-(4-{4-[2-(4-Amino-3 > 5-dichloro-phenyl)-2-hydroxy-ethylamino]-butoxy}- 
benzyQ^-CS^dimethoxy-phenyQ^a^^^a-tetrahydro^H-phthalazin-l-onefumarate 

Prepared from compound 7a and compound A according to REACTION 2. M. p. 119-120°C. 

23. (4aS,8aR)-2-(4-{2-[2-(4-Amino-3,5-dichloro-phenyl)-2-hydroxy-ethylamino]-ethoxy}- 
phenyO-A-iS^dimethoxy-phgnyQ^a^^^a-tetrahydro^H-phthalazin-l-one oxalate 

Prepared from compound 8a and compound A according to REACTION 2. M. p. 136-138°C. 

24. (4aS,8aR)-2-[1-(2-{2-[2-(4-Amjno-^ 
ethanesulfonyl}-ethyl)-piperidin-4-yl1-4-(3,4^ 
phthalazin-1-one fumarate 

Prepared from compound 9a and compound A according to REACTION 10. M. p. 137-138°C. 

25. 4-[(4aS t 8aR)-4-(3 > 4-Dimethoxy-phenyl)-1-oxo-4a t 5 > 8 l 8a-tetrahydro-1H-phthalazin-2-yl]- 
piperidine-1-carbothioic acid {4-[2-(4-amlno-3 > 5-dichloro-phenyl)-2-hydroxy-ethylamino]- 
butyl}-amide 

Prepared from compound 10a and compound O according to REACTION 5. M. p. 139-144°C. 



26. (4aS3aR)-2-(H2-[2-(4-Amino-3,5-dichloro 
piperidin-4-ylH-(3,4-diethoxv-phenyl)^ 



Prepared from compound 1 1a and compound A according to REACTION 2. M. p. 172-173°C. 
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27. (4aS,8aR)-2-(H2-[2-(4-Amino-3,5-^ 
ethanesulfonyfl-piperidin^-ylH-ft^-dimethoxy-phenyl^^^ 
phthalazin-1-one fumarate 

Prepared from compound 12a and compound A according to REACTION 2. M. p. 169-1 71 °C. 

28. (4aS,8aR)-2-(1-{(S)-2-[2-(3 > 4-Diamino-5-chloro-phenyl)-2-hydroxy^thylamino1- 
propanoyl}-piperidin-4-ylH-(3,4-di^^ 

1-one fumarate 

Prepared from compound 13a and compound O according to REACTION 5. M. p. 130-131°C. 

29. (4aS,8aR)-4-(3,4-Pimethoxy-phenyl)-2-(H^ 
£heny!l^thy^ 

one 

Prepared from compound 12a and compound C according to REACTION 10. Crystallised as the free 
base from ethyl acetate. M. p. 97-99°C. 

30. (4aS,8aR)-2-[1-(3-{2-[2-(4-Amino-3,5-dicM 
ethy)sulfanyl}-propanoyl)-piperidin-4-yl1-4^ 
2H-phthalazin-1-one hydrochloride 

Prepared from compound O and compound 14a according to REACTION 5. M. p. 1 18-120°C. 

31. (4aS > 8aR)-4-(3 > 4-Dimethoxy-phenvl)-2-(4-{4-[2-hydroxy-2-(4-hydroxy-3-hydroxymethyl- 
phenyQ-ethylammol-butoxvl-phenvD^apS^^a-tetrahydro^H-phthalazin-l-one fumarate 

Prepared from compound 6a and compound C according to REACTION 2. M. p. 126-127°C, 

32. 2-Amino-3-chloro-5-{2-r2-(3^4^ 
tetrahydro-1H-phthalazin-2-y|]-piperidm^ 
hydroxy-ethylHrenzonitrile 



Prepared from compound 15a and compound D according to REACTION 5. Crystallised from diethyl 
ether as the free base. M. p. 102-103°C. 
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33. 2-Amino-3-chloro-5-[2-((S)-2-{4-[(4aS,8aR)-4-(3,4-dimethoxy-phenyl)-1 -oxo-4a,5,8,8a- 
tetrahydro-1H-phthalazin-2-yll-piperidin-1-yl}-1 -methyl-2-oxo-ethylamino)-1-hydroxy- 
ethyl]-benzonitrile hydrochloride 

Prepared from compound 13a and compound D according to REACTION 5. Crystallised as the hydro- 
chloride. M. p. 160-1 61 °C. 

34. 2-Amino-3-chloro-5-[2-(6-{4-[(4aS,8aR)-4-(3,4-dimethoxv-phenyl)-1-oxo-4a ) 5 t 8,8a- 
tetrahydro-1H-phthafa2in-2-yl]-piperidin-1-yl}-hexylamino)-1-hydroxy-ethyl]-ben2onitrile 



Prepared from compound 16a and compound D according to REACTION 5. M. p. 142-143°C. 



fumarate 
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GENERAL SYNTHESIS 



REACTION 1 : 2-fo-haloqenalkvnphthalazinones (compounds 1a-1h. 1k or 11) 




: 0 + Hal 



Hal 




R6 R7 
compounds 1a-1h t 1k, 11 



25 mmol of sodium hydride is added to a stirred solution of 20 mmol of a phthalazinone or a pyridazi- 
none (compounds F-K) in 50 ml of dimethylformamide. After 5 min, 60 mmol of a a.co-dihalogenalkane 
is added and the resulting mixture stirred for 60 min. After the addition of 200 ml of water, the mixture is 
extracted with diethyl ether. The ether solution is dried over magnesium sulfate and evaporated. The 
residue is purified by chromatography [ethyl acetate : petroleum ether (60-80°C) / 1 :4]. 

REACTION 2 : aminoethanol derivatives 




A mixture of 8 mmol of a 2-(®-halogenalkyl)phthaIazinone, 10 mmol of a primary aminoethanol deriva- 
tive (compounds A, B or C) and 20 mmol of potassium carbonate in 50 ml of dimethylformamide is 
heated for 1 .5 h at 100°C. After cooling to room temperature, a mixture of 100 ml of water and 200 ml of 
ethyl acetate is added. The organic layer is dried over magnesium sulfate and evaporated. The residue 
is purified by chromatography (ethyl acetate : triethyl amine / 20 : 1). The aminoethanol derivative is 
crystallized as a salt with fumaric acid from tetrahydrofurane / diethyl ether. 
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REACTION 3 : phthalimides (compounds 2a, 2b or 2c) 




R6 R7 
compounds 2a, 2b, 2c 



15 mmol of a 2-(co-halogenalkyl)phthalazinone, 18 mmol of phthalimide and 20 mmol of potassium car- 
bonate in 100 ml of dimethylformamide is heated for 5 h at 110°C. After cooling to room temperature, 
300 ml of water and 300 mi of ethyl acetate is added. The organic layer is dried over magnesium sul- 
fate and concentrated under reduced pressure. The compound is crystallized from a suitable solvent. 

REACTION 4 : 2-(o-aminoalkvnphtha1azinone (compounds 3a. 3b or 3cl 




compounds 2a, 2b, 2c compounds 3a, 3b, 3c 

A solution of 20 mmol of a phthalimide (compounds 2a, 2b or 2c) and 25 mmol of hydrazine hydrate in 
200 ml of ethanol is refluxed for 5 h and subsequently evaporated. The residue is dissolved in ethyl 
acetate (200 ml) and this solution is washed with aqueous sodium carbonate. After drying over magne- 
sium sulfate, the solvent is evaporated and the residue crystallized from a suitable solvent. 
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REACTION 5: aminoethanol derivatives 




2: NaBH 4 



A solution of 6 mmol of a 2-bromoacetophenone derivative (for example: compounds D or E), 5 mmol 
of an amine (for example: compounds 3a, 3b or 3c) and 10 mmol of diisopropylethylamine in a mixture 
of 50 ml of tetrahydrofurane and 50 ml of methanol is stirred at room temperature. After 3 h 10 mmol of 
sodium borohydride is added and the resulting mixture is stirred for another hour and than evaporated. 
The residue is dissolved in water (100ml) and this mixture is extracted twice with 200ml of ethyl ace- 
tate. The organic. solution is dried over magnesium sulfate and evaporated. The residue is purified by 
chromatography (ethyl acetate : methanol : triethyl amine / 10 : 2 : 0.5). The compound is crystallized 
as a fumarate salt from tetrahydrofurane / diethyl ether. 

REACTION 6 : Benzyiamines 




A mixture of 25 mmol of a 2-(a>-halogenalkyl)phthalazinone and 200 mmol of benzylamine is heated at 
120°C for 2 h. After cooling to about 60°C, 200 ml of 2 N hydrobromic acid is added and the resulting 
mixture is, after cooling to room temperature, extracted twice with 200 ml of dichloromethane. The or- 
ganic solution is dried over magnesium sulfate and evaporated. The residue is washed with diethyl 
ether and dried. 
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REACTIONS 7/8/9 




A solution of 10 mmol of a benzylamine (compounds prepared according to REACTION 6), 10 mmol of 
a 2 bromoacetophenone derivative and 20 mmol of diisopropylethylamine in a mixture of 50 ml of tetra- 
hydrofurane and 50 ml of ethanol is stirred for 18 h at room temperature after which 10 mmol of sodium 
borohydride is added. This mixture is stirred for another 30 min and subsequently evaporated. The 
residue is dissolved in 200 ml of diethyl ether and this solution is washed with aqueous sodium carbon- 
ate. The organic solution is dried over magnesium sulfate and evaporated. The residue is dissolved in 
ethanol and, after the addition of 0.5 g of 5% Pd/C, treated with a flow of hydrogen. After about 60 min 
debenzylation is completed (tic analysis). The catalyst is filtered off, the solvent Is evaporated and the 
residue purified by chromatography on silica (ethyl acetate : triethyl amine / 20 : 1). The aminoethanol 
derivative is crystallized as a fumarate salt from tetrahydrofurane / diethyl ether. 
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REACTION 10 




A mixture of 5 mmol of an ethenesulfonyl derivative (compounds 9a or 12a) and 5 mmol of an amino- 
ethanol derivative (compounds A, B or C) in 50 ml of tetrahydrofuran is stirred for 18 h at RT f after 
which the solvent is evaporated and the residue purified by chromatography (elution with ethyl acetate 
containing 5% of triethylamine). 
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Starting Compounds and Intermediates 

1a: (cis)-2-(4-bromo-1-butyl)-4-(3 f 4-dimethoxyphen 
1-one 

Prepared from compound F and 1,4-dibromobutane according to REACTION 1. M. p. oil 

1H-NMR(CDCI 3 ): 1.28-2.00 (m, 11H, 7xcyclohexane-H, C-(CH 2 ) 2 -C); 2.50-2.61 (m, 1H, cyciohexane-H); 
2.63-2.73 (m, 1H, cyclohexane-H); 3.00-3.15 (m, 1H, cyclohexane-H); 3.49 (t, J=6.4Hz, 2H, CH 2 -Br); 
3.72-4.12 (m, 8H, 2xO-CH 3 , N-CH 2 ); 6.87 (d, J=8.4Hz, 1H, Ar-H); 7.23 (dd, J=2.1, 8.5Hz, 1H, Ar-H); 
7.47 (d, J=2.0Hz, 1H, Ar-H) 

1b: (cis)-2-(6-bromo-1 -hexyO^-O^-dimethoxyphenyQ^a^^J^^a-hexahydro^H-phthalazin- 
1-one 

Prepared from compound F and 1,6-dibromohexane according to REACTION 1. Crystallized from di- 
ethyl ether. M. p. 74-75°C 

1c: (cisl-a-fS-bromo-l-octyQ-^ta^-dimethoxyphenyO^a^^J^^a-hexahydro^H-phthalazin- 
1-one 

Prepared from compound F and 1,8-dibromooctane according to REACTION 1. Crystallized from hex- 
ane. M. p. 58-60°C 

1d: (cis)-2-(6-bromo-1-hexyl)-4-(3^ 
one 

Prepared from compound H and 1,6-dibromohexane according to REACTION 1. M. p. 47-51 °C 

1e: (cis)-2-(6-bromo-1-hexvlM-(3Adimefr^ 
one 

Prepared from compound G and 1,6-dibromohexane according to REACTION 1. Crystallized from 
methanol. M. p. 55-56°C 

1H-NMR(CDCI 3 ): 1.37-2.26 (m, 11H, 3xcyclohexene-H, C-(CH 2 ) 4 -C); 2.67-2.81 (m, 1H, cyclohexene-H); 
2.97-3.07 (m, 1H, cyclohexane-H); 3.28-3.42 (m, 3H, CH 2 -Br, cyclohexene-H); 3.68-4.06 (m, 8H, 
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2xO-CH 3l N-CH 2 ); 6.88 (d, J=8.5Hz, 1H, Ar-H); 7.26 (dd, J=2.1, 8.5Hz, 1H, Ar-H); 7.48 (d, J=2.0Hz, 1H, 
Ar-H) 

1f: (dsj-g-f^-bromo^ 
one 

Prepared from compound G and 1,4-dibromobutane according to REACTION 1. Crystallized from 
methanol. M. p. 102-103°C. 

1g: (cis)-2-(5-bromo-1-pentyl)-4-(3,4-dimethoxyphenyM 
one 

Prepared from compound G and 1,5-dibromopentane according to REACTION 1. M. p. oil. 

1H-NMR(CDCI 3 ): 1.38-2.28 (m, 11H, 3xcyc!ohexene-H, C-(CH 2 ) 3 -C); 2.67-2.81 (m, 1H, cyclohexene-H); 
2.97-3.07 (m, 1 H,cyclohexene-H); 3.28-3.50 (m, 3H, CH 2 -Br, cyclohexene-H); 3.68-4.08 (m, 9H, 
2xO-CH 3 , N-CH 2 , cyclohexene-H); 5.60-5.87 (m, 2H, CH=CH); 6.88 (d, J=8.5Hz, 1H, Ar-H); 7.26 (dd, 
J=2.0, 8.5Hz, H, Ar-H); 7.48 (d, J=2.0Hz, 1H, Ar-H). 

1h: (cis)-2-(4-bromo-1-butyl)-4-(2 > 3-dihydro-7-methoxybenzofuran-2-spiro-1'-cyclopentan-4- 
yQ^S^^a-tetrahydro^H-phthalazin-l-one 

Prepared from compound I and 1,4-dibromobutane according to REACTION 1. Crystallized from 
methanol. M. p. 86-88°C. 

1i: (cis)-2-bromoethyl-4-(2 > 3-dihydro-7-methoxybenzofuran-2-spiro-1 , -cyclopentan-4-yl)- 
4a y 5,8 > 8a-tetrahydro-2H-phthalazin-1-one 

A solution 1 .92 g of Br 2 in CH 2 CI 2 is added to a solution of 3.1 g of triphenylphosphine in CH 2 Cl 2 at 0°C, 
followed by the addition of a solution of 4.6 g of compound L in CH 2 CI 2 . The resulting solution is stirred 
for 2 h at room temperature and subsequently washed with diluted hydrochloric acid (2x) and aqueous 
sodium carbonate. Crystallization from methanol (2x). M. p. 143-145°C 
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1j: (cis)-2-{4-(2-bromoethyl)phenyl}-4-(3 t 4-dimethoxyph 
(azin-1-one 

Prepared from M as described for intermediate 1i. Crystallized from methanol. M. p. 126-127°C. 
Ik: 2-(6-bromo-1-hexyl)'4-<3 > 4-dimethoxyphenyl)-2H-phthalazin-1-one 

Prepared from compound J and 1 ,6-dibromohexane according to REACTION 1. Crystallized from a 
mixture of ethyl acetate and hexane. M. p. 83-84°C 

11: 2-(6-bromo-1-hexyl)^-(3-methoxy^-difluoromethoxyphenyl)-2H'-pyridazin-1-one 

Prepared from compound K and 1 ,6-dibromohexane according to REACTION 1. Crystallized from di- 
ethyl ether. M. p. 69-70°C. 

2a: (cis)-N-[6^4-(3,4-dimethoxypheM 
phthalimide 

Prepared from compound 1e according to REACTION 3. Crystallized from methanol. M. p. 104-105°C 

2b: (cis)-N-[4-{4-(3 t 4-dimethoxyphenvlH-oxo-4a,^^ 
phthalimide 

Prepared from compound 1f according to REACTION 3. Crystallized from methanol. M. p. 139-140°C. 

2c: (cls)-N-[5-{4-(3,4-dimethoxyphenvlH^ 
phthalimide 

Prepared from compound 1g according to REACTION 3. Crystallized from diethyl ether. M. p. 126- 
129°C. 

3a: (cis)-2-(6-amino-1-hexyl)-4-(3,4-dim^ 
one 

Prepared from compound 2a according to REACTION 4. Crystallized from tetrahydrofurane / diethyl 
ether as a fumarate salt. M. p. 141-143°C. 
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3b: (cis)-2-(4-amino-1-butyl)-4-(3^ 
one 

Prepared from compound 2b according to REACTION 4. Crystallized from diethyl ether. M. p. 108- 



3c: (cis)-2-(5-amino-1-pentyl)-4-(3 f 4-dTO 
one 

Prepared from compound 2c according to REACTION 4. Crystallized from diethyl ether. M. p. 88-89 

4a: (cis)-2-(6-benzylamino-1-hexyl)-4-(3 > 4-dimethoxyphenyO-4a l 5,6 > 7 > 8 l 8a-hexahydro-2H- 
phthalazin-1-one HBr 

Prepared from compound 1b according to REACTION 6. M. p. 1 17-1 19°C 

5a: (4aS > 8aR)-2-[1-(4-Amino-butanoyl)-piperidin-4-yl]-4-(3 > 4-dimethoxy-phenyl)-4a l 5,8,8a- 
tetrahydro-2H-phthalazin-1-one trifluoroacetate 

15 mmol of compound 5b is dissolved in 20 ml of trlfluoroacetic acid and the solution is left at RT for 30 
min after which it is evaporated. The residue solidifies on treating with diethyl ether. 
M. p. 175-178°C. 

5b: (4-{4-[(4aS f 8aR)-4-(3,4-Dimethoxy-phenyl)-1-oxo-4a,5 ) 8 > 8a-tetrahydro 

1H-phthalazin-2-yl]-piperidin-1-y»)-4-oxo-butyl)-carbamic acid tert butyl ester 

To a solution of 20 mmol of compound 5c and 25 mmol of (4-Oxo-pentyl)-carbamic acid tert-butyl ester 
in 100 ml of dichloromethane, 25 mmol of (3-Dimethylamino-propyl)-ethyl-carbodiimide hydrochloride is 
added and the resulting mixture is stirred at RT. After 18 h the solution is washed successively with 
diluted hydrochloric acid and aqueous sodium carbonate and then dried over magnesium sulfate. After 
evaporating the solvent, the compound is crystallised from hexane. M. p. 79-83°C. 



109°C. 
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5c: (4aS,8aRH-(3,4-Dimethoxy-phenyl)^ 



A solution of 50 mmo! of compound 5d in 150 ml of dichloromethane is washed with a saturated solu- 
tion of sodium bicarbonate, dried over magnesium sulfate and evaporated. The residue is washed with 
diethyl ether and dried. M. p. 260°C (with decomposition) 

5d: (4aS,8aR)-4-(3,4-Dimethoxy-phenyl)-2-pi^^ 
1-one hydrochloride 

A solution of 50 mmol of the salt of (SH-)-a-methylbenzylamine and (cis)-2-(3,4-dimethoxybenzoyl>- 
1,2,3,6-tetrahydrobenzoic acid (compound N), 55 mmol of piperidin-4-yl-hydrazine dihydrochloride and 
100 mmol of triethylamine in 150 ml of 1-propanol is refluxed for 18 h. After cooling to RT, the precipi- 
tate is filtered off and dried. M. p. 285-288°C 

5e: Piperidin-4-yl-hydrazine dihydrochloride 

A mixture of 0.1 mole of 4-(N , -tert-Butoxycarbonyl-hydrazino)-piperidine-1-carboxylic acid tert-butyl 
ester (compound 50 and 150 ml of concentrated hydrochloric acid is heated at 90°C for 60 min after 
which the clear solution is evaporated. The residue is washed with tetrahydrofurane, filtered off and 
dried under vacuum. M. p. 256-259°C 

5f: 4-(N , -tert-Butoxycarbonyl-hydrazino)-piperidine-1-carboxylic acid tert-butyl ester 

150 ml of a solution of borohydride in tertahydrofurane (1.0 mol/l) is slowly added to a solution of 0.12 
mole of 4-(tert-Butoxycarbonyl-hydrazono)-piperidine-1-carboxylic acid tert-butyl ester (compound 5g) 
in 100 ml of dry tetrahydrofurane. After complete addition, the mixture is stirred for another 30 min after 
which a 100 ml of water is added to destroy the excess of borohydride. Subsequently the tetrahydrofu- 
rane is evaporated and the resulting aqeous solution extracted with diethyl ether. After drying the sol- 
vent over magnesium sulfate, the ether is evaporated. M. p.1 12-1 15°C 

5g: 4-(tert-Butoxycarbonyl-hydrazono)-piperidine-1-carboxylic acid tert-butyl ester 



1-one 



A mixture of 0.15 mole of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester (commercially available) 
and 0.15 mole of tert-butylcarbazate in 250 ml of hexane is stirred for 18 h at RT. The precipitate is 
filtered off and dried under vacuum. M. p. 172-174°C 
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6a: (4aS t 8aR)-2-[4-(4-Bromo-butoxv)-phenyl1-4-(3 > 4-dimethoxy-phenyl)-4a l 5 l 8 > 8a-tetrahyd 
2H-phthalazin-1-one 

A mixture of 10 mmol of compound 6b, 50 mmol of 1 ,4-dibromobutane and 40 mmol of potassium car- 
bonate in 50 ml of dimethylformamide is stirred for 18 h at RT, after which the mixture is poured into 
200 ml of water. After extraction with diethyl ether, the compound is purified by chromatography (ethyl 
acetate:hexane/1;5). Crystallised from hexane at -20°C. M. p. 38-43°C. 

6b: (4aS,8aR)-4-(3 t 4-Dimethoxy-phenyl)-2-(4-hydroxy-phenyl)-4a l 5,8 > 8a-tetrahydro-2H- 
phthalazin-1-one 

A mixture of 20 mmol of compound 6c t 50 ml of ethanethiol and 20 ml of borontrifluoride etherate is left 
at RT for 40 h. After the addition of 200 ml of a saturated solution of sodium bicarbonate, the mixture is 
extracted with ethyl acetate. The organic solution is dried over magnesium sulfate and evaporated. The 
compound is crystallised from diethyl ether. M. p. 1 1 1-1 12°C. 

6c: (4aS l 8aR)-2-(4-Benzyloxy-phenyl)-4-(3,4-dimethoxy-phenyl)-4a y 5,8,8a-tetrahydro-2H- 
phthalazin-1-one 

A solution of 50 mmol of compound 6d and 50 mmol of 4-benzyloxyphenylhydrazine hydrochloride in 
100 ml of pyridine is refluxed for 8 h and subsequently evaporated. The residue is dissolved in ethyl 
acetate and the solution is washed successively with diluted hydrochloric acid and aqueous sodium 
carbonate and then dried over magnesium sulfate. After evaporating the solvent, the compound is 
crystallised from methanol. M. p. 104-105°C. 

6d: (1R l 6S)-6-[1-(3 l 4-Dimethoxy-phenyl)-methanoyn-1,2 l 3 > 6-tetrahydrobenzoic acid 

A solution of 50 mmol of compound 6e in 150 ml of dichloromethane is washed successively with 1 N 
sulfuric acid and water (twice). The solution is dried over magnesium sulfate and evaporated. The resi- 
due is crystallised from diethyl ether. M. p. 1 10-1 12°C. 

6e: (1R.2SW2-/3.4-Pimethoxv-phenvn-methanovl)-1.2.3.6-tetrahvdrobenzolc acid M-a- 
methylbenzylamine salt 



A mixture of 10 mmol of compound N and 5 mmol of L-a-methylbenzylamine in 100 ml of ethyl acetate 
is stirred for 1 8 h after which the precipitate is filtered off and dried. 
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7a: (4aS f 8aR)-2-[4-(4-Bromo-butoxy)-benzyl1-4-(3,4-dimethox 
2H-phthalazin-1 -one 

Prepared from compound 7b and 1,4-dibromobutane as described for compound 6a. M. p. 42-46°C. 

7b: (4aS t 8aR)-4-(3 > 4-Dimethoxy-phenyl)-2-(4-hydroxy-benzyl)-4a l 5 > 8 > 8a-tetrahydro-2H- 
phthalazin-1-one 

Prepared from 4-hydroxybenzylhydrazine hydrochloride and compound 6d as described for compound 
6c. Crystallised from diethyl ether. M. p. 189-190°C. 

8a: (4aS t 8aR)-2-[4-(2-Bromo-ethoxy)-phenyl1-4-(3 f 4-dimethoxy-phenyl)-4a,5,8 > 8a-tetrahydro- 
2H-phthalazin-1-one 

Prepared from compound 6b and 1,2-dibromoethane as described for compound 6a. M. p. 40-45°C. 

9a: (4aS,8aR)-4-(3 t 4-Dimethoxy-phenyl)-2-[1-(2-ethenesulfonyl-ethyl)-piperidin-4-vn- 
4a,5,8,8a-tetrahydro-2H-phthalazin-1-one 

A solution of 10 mmol of compound 5c, 10 mmol of 1-Bromo-2-(2-bromo-ethanesulfonyl)-ethane and 30 
mmol of potassium carbonate in 30 ml of dimethylformamide is stirred at RT. After 18 h, the mixture is 
poured into water (150 ml) and subsequently extracted with ethyl acetate. Crystallisation from diethyl 
ether. M. p. 165-1 66°C 

10a: 4-[(4aS,8aR)-4-(3 > 4-Dimethoxy-phenyQ 

piperidine-1-carbothioic acid (4-amino-butyl)-amide trifluoroacetate 

Prepared from compound 10b as described for compound 5a. M. p. 125-128°C. 

10b: {4-I(H4-r(4aS,8aR)-4-(3ADimethoxv-p^^ 

yl]-piperidin-1-yl}-methanethioyl)>amino1-butyl}-carbamic acid tert butyl ester 

A solution of 10 mmol of (4-lsothiocyanato-butyl)-carbamic acid tert butyl ester and 10 mmol of com- 
pound 5c in 100 ml of dichloromethane is stirred for 18 h at RT, successively washed with diluted hy- 
drochloric acid and aqueous sodium carbonate and subsequently dried over magnesium sulfate and 
evaporated. Crystallised from a mixture of ethyl acetate and hexane. M. p. 1 18-121 °C. 
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11a: (4aS > 8aR)-2-[H2-Chloro-ethanoyl)-piperidin-4-yl]^(3 > 4-diethoxy-phenyl)4a t 5,8 > 8a- 
tetrahydro-2H-phthalazin-1-one 

A solution of 12 mmol of chloroacetylchloride in 20 ml of dichloromethane is added at 0°C to a mixture 
of 12 mmol of compound 1 1b and 40 mmol of triethyiamine in 50 ml of dichloromethane. The resulting 
mixture is stirred for 60 min at RT and subsequently washed with diluted hydrochloric acid and aqueous 
sodium carbonate. After drying the solution over magnesium sulfate, the solvent is evaporated and the 
residue purified by chromatography (ethyl acetate-.petroleum ether (60-80° C)/2:1). M. p. 135-136°C. 

. 11b: (4aS > 8aR)^-(3 t 4-Diethoxy-phenyl)-2-piperidin-4-yl-4a > 5 > 8,8a-tetrahydro-2H-phthala2in-1- 
one hydrochloride 

Prepared from the salt of (SH-J-a-methylbenzylamine, (cis)-2-(3,4-diethoxybenzoyl)-1 ,2,3,6- 
tetrahydrobenzoic acid (compound P) and piperidin-4-yl-hydrazine dihydrochloride in 2-propano! as 
described for compound 5d. M. p. 248-250°C 

12a: (4aS,8aR)-4-(3,4-Dimethoxy-phenyl)-2-{1-ethenesulfony!-piperidln-4-yl)-4a,5 l 8 > 8a- 
tetrahydro-2H-phthalazin-1-one 

A solution of 20 mmol of 2-chloroethylsulfonyIchloride in 20 ml of dichloromethane is added to a soluti- 
on of 15 mmol of compound 5c and 25 ml of diisopropylethylamine in 50 ml of dichloromethane. The 
resulting mixture is stirred at RT for 18 h, after which it is washed first with diluted hydrochloric acid and 
then with a saturated solution of sodium bicarbonate. After drying over magnesium sulfate and evapo- 
rating the solvent, the compound is crystallised from diethyl ether. M. p. 89-90°C. 

13a: (4aS > 8aR)-2-[1-((S)-2-Amino-propanoyl)-piperidin-4-yl]-4"(3 > 4-dimethoxy-phenyJ)" 
4a,5,8,8a-tetrahydro-2H-phthalazin-1-one 

Prepared from compound 13b as described for compound 5a. After evaporating the trifluoroacetic acid, 
the residue is partitioned between aqueous sodium carbonate and dichloromethane. The organic solu- 
tion is dried over magnesium sulfate and evaporated. The residue is crystallised from diethyl ether. 
M. p. 101-103°C. 
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13b: 1-tert-Butyl-3-((S)-2-W(4a^ 

1H-phthalazin-2-yl]-pipendin-1-yl}-1-methyN2-oxo-€thyl)-urea 

Prepared from compound 5c and (R)-2-(3-tert-Butyl-ureido)-propionic acid (N-Boc-L-alanine) as descri- 
bed for compound 5b. M. p. 153-154°C. 

14a. (4aS,8aR)-2-{H3-(2-Amino-ethylsulfany0-propan^^ 
phenyl)-4a,5,83a-tetrahydro-2H-phthalazin-1-one 

Prepared from compound 14b as described for compound 5c. After evaporating the trifluoroacetic acid, 
the residue is partitioned between a bicarbonate solution and dichloromethane. The dichloromethane 
solution is dried over magnesium sulfate and evaporated. Crystallised from ethyl acetate / hexane. 
M. p. 137-139°C. 

14b. [2-(3-{4-r(4aS,8aR)-4-(3,4-Plmethoxy-pheny^ 

yl]-piperidin-1-yl}-3-oxo-propylsulfanyl)-ethyl]-carbamic acid tert butyl ester 

Prepared from 12 mmol of 3-(2-tert-Butoxycarbonylamino-ethylsuIfanyl)-propionic acid and 10 mmol of 
compound 5c as described for compound 5b. M. p. 132-134°C. 

15a - (4aS3aR)-2-{H3-(2-Amino-ethanesulfonyl)-propanoy 

phenyi)-4a t 5 > 8 > 8a-tetrahydro-2H-phthalazin-1 -one hydrochloride 

20 mmol of 3-chIoroperbenzoic acid is added to a solution of 10 mmol of compound 14a in 50 ml of 
dichloromethane. The resulting mixture is stirred for 30 min at RT and subsequently washed with aque- 
ous sodium carbonate. After drying over magnesium sulfate, a solution of hydrochloric acid in diethyl 
ether is added to the dichloromethane solution. The precipitate is filtered off and dried. 
M.p. 149-150°C. 

16a- (4aS,8aR)-2-[H6-Amino-hexyl)-piperidin-^^ 
tetrahydro-2H-phthalazin-1 -one hydrochloride 

Prepared from compound 16b as described in REACTION 4. Crystallised from ethyl acetate as the 
hydrochloride. M. p. 176-177°C. 
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16b. . 2-(6^4-[(4aS,8aR)-4-(3 l 4-Dimethox^ 

yl]-piperidin-1-yl}-hexylHsoindole-1 ,3-dione 

A mixture of 6 mmol of 2-(6-Bromo-hexyl)-isoindole-1 ,3-dione, 6 mmol of compound 5c and 3 g of po- 
tassium carbonate in 50 ml of dimethyiformamide is stirred for 18 h at RT. After evaporating the sol- 
vent, the residue is partitioned between water and ethyl acetate. The organic layer is dried over mag- 
nesium sulfate and evaporated. The residue is purified by chromatography (ethyl acetate:hexane/4:1). 
M. p. 39-44°C. 

A: 2-amino-1-(4-amino-3,5-dichlorophenyl)ethanol 

Prepared as described in J. Keck, G. Kruger, K. Noli and H. Machleidt; Arzneim.-Forsch. (Drug Res.) 
22,861-869 (1972) 

B: 2-amino-1-(4-amino-3-chloro-5-trifluoromethylphenyl)ethanol 

Prepared as described in G. KrClger, J. Keck, K. Noll and H. Pieper; Arzneim.-Forsch./Drug Res. 34, 
1612-1624 (1984). 

C: 2-amino-1-(4-hydroxy-3-hydroxymethylpheny))ethanol 

Prepared as described in D.T. Cuilin, D. Hartley, L.H.C. Lunts, J.C. Press, A.C. Ritchie and P.Toon; J. 
Med. Chem., 1 3, 674-680 (1 970). 

D: 4'-amino-3'-chloro-5 , -cyano-2-bromoacetophenone 

Prepared as described in G. Krflger, J. Keck, K. Noll and H. Pieper; Arzneim.-Forsch./Drug Res. 34, 
1612-1624 (1984). 

E: 4'-amino-3 t -cyano-2-bromoacetophenone 

Prepared as described in G. Krtlger, J. Keck, K. Noll and H. Pieper; Arzneim.-Forsch./Drug Res. 34, 
1612-1624 (1984). 

F: 4"(3 > 4-dimethoxypheny))-4a > 5,6 > 7 > 8 > 8a-hexahvdro-2H-phthalazin-1-one 



Prepared as described in example 1 of W098/31674. 



WO 01/94319 PCT/EP01/06230 

-53 - 



G: ^(a^-dimethoxyphenyQ^a^^^a-tetrahydro^H-phthalazin-l-one 
Prepared as described in example 3 of W098/31 674. 

H: A-tS^-diethoxyphenyD^a.S^J^^a-hexahydro^H-phthalazin-l-one 
Prepared as described in example 7 of W098/31674. 

I: (cist^^^-dihydro-T-methoxybenzofuran^-spiro-l'-cyclopentan^-yQ^a^^^a-tetra- 
hydro-2H-phthalazin-1-one 

Prepared as described in example 4 of WO99/31090. 

J: 4-(3 > 4-dimethoxyphenyl)-2H-phthalazin-1-one 

Prepared as described in example B of EP0934933. 

K: 4-(4-Difluoromethoxy-3-methoxyphenyl)-2H-pyridazin-1-one 

Prepared as described in example 4 of EP01 63965. 

L: (cisj^^^-dihydro^methoxybenzofuran^-spiro-l'-cyclopentan^-yD^-hydroxvethvl- 
4a 1 5,8,8a-tetrahydro-2H-phthalazin-1-one 

Prepared as described in example 17 of WO99/31090 

M: (cis)^-(3 > 4-dimethoxyphenyl)-2^4-<2-hydroxvethyl)phenyl}-4a,5,8 f 8a-tetrahydro-2H- 
phthalazln-1-one 

Prepared as described in example 70 of W098/31 674. 

N. (cis)-2-(3,4-Dimethoxybenzoyl)-1 ,2,3,6-tetrahydrobenzoic acid 

Prepared as described in W098/31674. 
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O. 1-(4-Amino-3,5-dichloro-phenyl)-2-bromo-ethanone 

Prepared as described by J. Keck, G. Kruger, K. Noll and H. Machleidt; Arzneim.-Forsch. (Drug Res.) 
22, 861-869 (1972). 

P. (cis)-2-(3 > 4-diethoxybenzoyl)-1 ,2,3,6-tetrahydrobenzoic acid 



Prepared analogously as described for compound N. 



PCT/EPO 1/06230 

55- 

Commercial applicability 

(^-Sympathomimetics (&2-adrenoreceptor agonists) represent the preferred drugs for the acute relief of 
bronchospasm in patients with bronchial asthma (Nelson HS, (i-Adrenergic bronchodiiators. The New 
England of Medicine 333: 499-506, 1995). Although the major action of ^-sympathomimetics on the 
airways is relaxation of airway smooth muscle, inhibitory effects on inflammatory cells (e.g. mast cells, 
eosinophils, neutrophils, macrophages and T-lymphocytes) in vitro have been reported (Barnes PJ, 
Effect of beta-agonists on inflammatory cells. Journal of Allergy and Clinical Immunology 104: S10- 
S17, 1999). Despite the inhibitory effects on inflammatory cells in vitro, however, ^-sympathomimetics 
do not appear to reduce the chronic inflammation of asthma. Desensitization to the action of 
^-sympathomimetics is more readily seen in inflammatory cells than in airway smooth muscle cells and 
may account for this discrepancy. It has been suggested that an accelerated degradation of cAMP by 
phosphodiesterase 4 (PDE4) could be an explanation for this kind of desensitization (Giembycz MA, 
Phosphodiesterase 4 and tolerance to R>2-adrenoceptor agonists in asthma. TiPS 17: 331-336, 1996). 
Therefore, the combined action of one molecule to inhibit PDE4 activity and to activate the &2- 
adrenoceptor is claimed to counteract the development of tolerance to fi2-adrenoceptor agonists in 
vivo. In addition, such molecules with a combined mode of action will maintain the well-known anti- 
inflammatory potential of PDE4 inhibitors (Torphy TJ, Phosphodiesterase isozymes - molecular targets 
for novel antiasthma agents. Am J Respir Crit Care Med 157: 351-370, 1998), or even make the PDE4 
inhibiting component by the ^-adrenoceptor agonistic component (more) effective under conditions 
where a PDE4 inhibitor requires an additional cAMP trigger for its action. One example for the latter 
possibility is the human eosinophil which upon stimulation by complement C5a does not respond to 
PDE4 inhibitors alone, but is inhibited in a highly synergistic fashion by the combined use of PDE4 
inhibitors and a &2-adrenoceptor agonist like salbutamol (Hatzelmann A, Tenor H and Schudt C, Differ- 
ential effects of non-selective and selective phosphodiesterase inhibitors on human eosinophil function. 
Brit J Pharmacol 114:821-831, 1995). 

The compounds according to the invention have valuable pharmacological properties which make them 
commercially utilizable. As compounds providing selective PDE4 inhibition combined with &2- 
adrenoceptor agonist activity they are suitable on the one hand as bronchial therapeutics (for the 
treatment of airway obstructions on account of their dilating but also on account of their respiratory rate- 
or respiratory drive- increasing action), but on the other hand especially for the treatment of disorders, 
in particular of inflammatory nature, e.g. of the airways, of the skin, of the central nervous system, of 
the intestine, of the eyes and of the joints, which are mediated by mediators such as histamine, PAF 
(platelet-activating factor), arachidonic acid metabolites such as leukotrienes and prostaglandins, cyto- 
kines, interleukins, chemokines, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF) or 
oxygen radicals and proteases. 
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On account of their PDE4-inhibiting properties, the compounds according to the invention can be em- 
ployed in human and veterinary medicine and therapeutics, where they can be used, for example, for 
the treatment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory 
and allergen-induced) airway disorders of various origins (bronchitis, allergic bronchitis, bronchial 
asthma, emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) 
such as, for example, psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrheic 
eczema, lichen simplex, sunburn, pruritus In the anogenital area, alopecia areata, hypertrophic scars, 
discoid lupus erythematosus, follicular and wide-area pyodermias, endogenous and exogenous acne, 
acne rosacea and other proliferative, inflammatory and allergic skin disorders; disorders which are 
based on an excessive release of TNF and leukotrienes, e.g. disorders of the arthritis type (rheumatoid 
arthritis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune 
system (AIDS, multiple sclerosis), graft-versus-host reactions, transplant rejection reactions, symptoms 
of shock [septic shock, endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (adult 
respiratory distress syndrome)], and generalized inflammations in the gastrointestinal area (Crphn's 
disease and ulcerative colitis); disorders which are based on allergic and/or chronic, faulty immunologi- 
cal reactions in the area of the upper airways (pharynx, nose) and the adjacent regions (paranasal si- 
nuses, eyes), such as, for example, allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjuncti- 
vitis and nasal polyps; but also disorders of the heart which can be treated by PDE inhibitors, such as, 
for example, cardiac insufficiency, or disorders which can be treated on account of the tissue-relaxant 
action of the PDE inhibitors, such as, for example, erectile dysfunction or colics of the kidneys and the 
ureters in connection with kidney stones. In addition, the compounds according to the invention can be 
employed for the treatment of diabetes insipidus and disorders in connection with disturbances of brain 
metabolism, such as, for example, cerebral senility, senile dementia (Alzheimer's dementia), multiin- 
farct dementia or alternatively disorders of the CNS, such as, for example, depressions, arteriosclerotic 
dementia, Alzheimer's disease or multiple sclerosis. 

A further subject of the invention is a process for the treatment of mammals, including man, which are 
suffering from one of the above-mentioned iilnesses. The process comprises administering to the sick 
mammal a therapeutically efficacious and pharmacologically tolerable amount of one or more of the 
compounds according to the invention. 

The invention further relates to the compounds according to the invention for use in the treatment of 
mammals, including man, which are suffering from one of the above-mentioned illnesses. The process 
comprises administering to the sick mammal a therapeutically efficacious and pharmacologically toler- 
able amount of one or more of the compounds according to the invention. 
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The invention further relates to the compounds according to the invention for use in the treatment 
and/or prophylaxis of illnesses, in particular the illnesses mentioned. 

The invention likewise relates to the use of the compounds according to the invention for the production 
of medicaments which are employed for the treatment and/or prophylaxis of the illnesses mentioned. 

Medicaments for the treatment and/or prophylaxis of the illnesses mentioned, which contain one or 
more of the compounds according to the invention, are furthermore a subject of the invention. 

A further subject of the invention is a commercial product, consisting of a customary secondary pack, a 
primary pack containing the medicament (for example an inhaler or a blister pack) and, optionally, a 
pack insert, the medicament exhibiting simultaneously antagonistic action against cyclic nucleotide 
phosphodiesterases of type 4 (PDE4) and agonistic action on G2-adrenoreceptors leading to the at- 
tenuation of the symptoms of illnesses which are connected with cyclic nucleotide phosphodiesterases 
of type 4 and (J2-adrenoreceptors, and the suitability of the medicament for the prophylaxis or treatment 
of illnesses which are connected with cyclic nucleotide phosphodiesterases of the type 4 and R2- 
adrenoreceptors being indicated on the secondary pack and/or on the pack insert of the commercial 
product, and the medicament containing one or more compounds of the formula I according to the in- 
vention. The secondary pack, the primary pack containing the medicament and the pack insert other- 
wise comply with what would be regarded as standard to the person skilled in the art for medicaments 
of this type. 

The medicaments are prepared by processes which are known per se and familiar to the person skilled 
in the art. As medicaments, the compounds according to the invention (= active compounds) are either 
employed as such, or preferably in combination with suitable pharmaceutical excipients, e.g. in the form 
of tablets, coated tablets, capsules, suppositories, patches, emulsions, suspensions, gels or solutions, 
the active compound content advantageously being between 0.1 and 95%. 

The person skilled In the art is familiar on the basis of his/her expert knowledge with the excipients 
which are suitable for the desired pharmaceutical formulations. In addition to solvents, ge!-forming 
agents, ointment bases and other active compound vehicles, it is possible to use, for example, antioxi- 
dants, dispersants, emuisifiers, preservatives, solubilizers, permeation promoters or complex formers. 



For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation. 
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Aerosol particles in solid, liquid or mixed composition with a diameter from 0.5 to 10 ym, preferably 2 to 
6 pm, are preferably used, if the compounds of the invention are administered by inhalation. The aero- 
sol generation can be effected, for example, through pressure driven jet nebulizers or ultrasonic nebu- 
lizers, preferably however through propellant driven metered dose aerosols or through propellant free 
use of micronized active substances out of inhalation capsules. 

Dependant on the used inhalation system the inhalation preparations contain additional to the active 
substance(s) further required excipients, such as propellants (for example Frigen in metered dose in- 
halers), surfactants, emulgators, stabilisators, preservatives, flavouring agents or fillers (for example 
lactose in powder inhalers). 

For the purpose of inhalation a variety of devices are available with which aerosols with an optimal 
particle size can be generated and administered in a manner highly adapted to the patients. Beside the 
use of adapters (Spacer, Expander) and pear-shaped containers (for example Nebulator®, Volu- 
matic®), as well as automatic spray burst shutter (Autohaler®) for metered dose inhalers, in particular 
in the field the powder inhalers there exists a variety of technical solutions (for example Diskhaler®, 
Rotadisk®, Turbohaler® or the inhaler described in EP 0 505321) with which an optimal administration 
of the active substance(s) can be achieved. 

For the treatment of dermatoses, the compounds according to the invention are in particular used in the 
form of those medicaments which are suitable for topical application. For the production of the me- 
dicaments, the compounds according to the invention (= active compounds) are preferably mixed with 
suitable pharmaceutical excipients and further processed to give suitable pharmaceutical formulations. 
Suitable pharmaceutical formulations which may be mentioned are, for example, powders, emulsions, 
suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 

The medicaments according to the invention are prepared by methods known per se. Dosage of the 
active compounds takes place in the order of magnitude customary for PDE inhibitors. Thus topical 
application forms (such as, for example, ointments) for the treatment of dermatoses contain the active 
compounds in a concentration of, for example, 0.1-99%. The dose for administration by inhalation is 
customarily between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy (p.o. 
or Lv.) is between 0.03 and 3 mg per kilogram per day. 
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Biological investigations 



In the investigation of the combined action of the compounds (PDE4 inhibition and ^-adrenoceptor 
agonism) at the cellular level, the activation of inflammatory cells has particular importance. As an ex- 
ample, the complement C5a-induced superoxide production of eosinophilic granulocytes may be men- 
tioned, which can be measured as luminol-potentiated chemiluminescence (Hatzelmann A, Tenor H 
and Schudt C, Differential effects of non-selective and selective phosphodiesterase inhibitors on human 
eosinophil function. Brit J Pharmacol 114: 821-831, 1995). In this experimental setting PDE4 inhibitors 
by themselves are ineffective unless (^-adrenoceptors are stimulated simultaneously. 

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and immunocom- 
petent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation and propaga- 
tion of inflammatory diseases (H Tenor and C Schudt, in ..Phosphodiesterase Inhibitors", 21-40, „The 
Handbook of Immunopharmacology", Academic Press, 1996), and its inhibition leads to an increase of 
the intracellular cAMP concentration and thus to the inhibition of cellular activation (JE Souness et aL, 
Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described 
(MM Teixeira, TiPS 18: 164-170, 1997). For the investigation of PDE4 inhibition on the cellular level (in 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophilic (C Schudt et al. f Arch Pharmacol 344: 682-690, 1991) or eosinophilic (A 
Hatzelmann et al. a Brit J Pharmacol 114: 821-831, 1995) granulocytes, which can be measured as lu- 
minol-enhanced chemiluminescence, or the synthesis of tumor necrosis factor-oc in monocytes, macro- 
phages or dendritic cells (Gantner et aL, Brit J Pharmacol 121: 221-231, 1997, and Pulmonary Phar- 
macol Therap 12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4 inhibitors is 
evident from the inhibition of T-cell responses like cytokine synthesis or proliferation (DM Essayan, 
Biochem Pharmacol 57: 965-973, 1999). Substances which inhibit the secretion of the aforementioned 
proinflammatory mediators are those which inhibit PDE4. The antiinflammatory action of compounds 
having a PDE4 inhibitory component may be enhanced by the B2-adrenoceptor agonistic component in 
additive or synergistic fashion. 

Method for measuring Inhibition of PDE4 activity 

PDE4 activity was determined as described by Thompson et al. (Adv Cycl Nucl Res 10: 69-92, 1979) 
with some modifications (Bauer and Schwabe, Naunyn-Schmiedeberg's Arch Pharmacol 311: 193-198, 
1980). At a final assay volume of 200 pi (96well microtiter plates) the assay mixture contained 20 mM 
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Tris-HCI (pH 7.4), 5 mM MgCI 2> 0.5 pM cAMP, [ 3 H]cAMP (about 30,000 cpm/assay), the test compound 
and an aliquot of cytosol from human neutrophils which mainly contains PDE4 activity as described by 
Schudt et al. (Naunyn-Schmiedeberg's Arch Pharmacol 344: 682-690, 1991); the PDE3-specific inhibi- 
tor Motapizone (1 pM) was included to suppress PDE3 activity originating from contaminating platelets. 

For (some of) the examples 1-19 stock solutions of the compounds (2 mmol/l) were prepared in DMSO 
and diluted 1:100 (v/v) in the Tris-HCI buffer mentioned above; appropriate dilutions were prepared in 
1% (v/v) DMSO/Tris-HCI which were diluted 1:2 (v/v) in the assays to obtain the final concentrations of 
the inhibitors at a DMSO concentration of 0.5 % (v/v) which by itself did not affect PDE activity. 

To minimize problems with the solubility of the compounds, starting from example 20 serial dilutions of 
the compounds were prepared directly in DMSO and further diluted 1:100 (v/v) in the assays to obtain 
now the final concentrations of the inhibitors at a DMSO concentration of 1 % (v/v) which by itself only 
slightly affected PDE4 activity. 

After preincubation for 5 min at 37°C, the reaction was started by the addition of substrate (cAMP) and 
the assays were incubated for further 15 min at 37°C. 50 pi of 0.2 N HCI was added to stop the reaction 
and the assays were left on ice for about 10 min. Following incubation with 25 pg 5'-nucleotidase (Cro- 
talus atrox snake venom) for 10 min at 37°C, the assays were loaded on QAE Sephadex A-25 (1 ml bed 
volume). The columns were eluted with 2 ml of 30 mM ammonium formiate (pH 6.0) and the eluate was 
counted for radioactivity. Results were corrected for blank values (measured in the presence of dena- 
tured protein) which were below 5 % of total radioactivity. The amount of cyclic nucleotides hydrolyzed 
did not exceed 30 % of the original substrate concentration. The IC 50 -values for the compounds ac- 
cording to the invention for the inhibition of the PDE4 activity were determined from the concentration- 
inhibition curves by nonlinear-regression. 

The PDE4-inhibitory values determined for the compounds according to the invention [inhibitory con- 
centration as -log IC 50 (mol/l)] follow from Table A below, in which the numbers of the compounds cor- 
respond to the numbers of the examples. 

b) B2-Adrenoceptor agonistic activity in isolated guinea-pig trachea 

Male guinea-pigs (350-450 g) were killed by a sharp blow on the head and exsanguination, after that 
the trachea was removed. After clearing off adhering tissue the trachea was cut into single rings which 
were tied together forming up to six 4- to 5-ring chains which were suspended in 10-ml organ baths 
containing Krebs buffer of the following composition (mM): NaCI 118, KCI 5.2, CaCI 2 1.9, MgS0 4 0.56, 
NaH 2 P0 4 0.8, NaHC0 3 25.0, and glucose 11.1, maintained at 37°C and continuously aerated with a 
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mixture of 95% 0 2 and 5% C0 2 . The end of the chain was tied at the bottom of the tissue bath and 
connected to a force-displacement transducer (Type K-30, Hugo Sachs Elektronik, Germany) for the 
recording of isometric tension changes and then placed under 1 .5 to 2 g of tension. After a 60 min 
equilibration period, during which time the preparations were repeatedly washed and the spontaneous 
contraction plateaud, each tracheal preparation was pre-treated with 3x1 0* 7 M of RP 73401 for total 
inhibition of PDE4, which caused relaxation of the tissue between 30 and 40% of maximum (Harris et 
al M 1989, JPET 251: 199-206). After stabilization of the relaxant response to RP 73401, the test drugs 
were administered in a cumulative manner (factor 3), each concentration remaining in contact with the 
trachea until the contractile response reached a plateau, before addition of the next higher concentra- 
tion. At the end of the test drug administration, which caused maximal relaxation the tissue (verified in 
control experiments for each test drug by additional administration of 10' 6 M (-)-isoprenaline), a high 
concentration of the B-adrenoceptor antagonist, dl-sotalol (3-6x1 0* 4 M), was additionally given to as- 
sess whether the relaxant response of the trachea to test compound was due to (^-adrenoceptor 
stimulation. dl-Sotalol nearly completely reversed the relaxation amplitude to the test compounds and 
was taken as evidence for their ^-adrenoceptor agonistic property. The relaxant response to test com- 
pound was expressed as percent determined between the relaxant amplitude after that reached by RP 
73401 (0%) and the maximal relaxation obtained prior to dl-sotalol administration (100%). EC^, values 
for a half-maximal relaxation of the tissue by test compound were graphically interpolated from 12 to 16 
individual concentration-response curve. The -log ECgo values (mol/l) thus obtained were taken as a 
measure for fc 2 -adrenoceptor agonistic activity of the test compounds. 

The -log EC 50 values (mol/l) for the compounds according to the invention follow from the Table A be- 
low, in which the numbers of the compounds correspond to the numbers of the examples. 

c) Inhibition of C5a-stimuiated chemifuminescence in human eosinophils 

Eosinophils were purified essentially as described in detail elsewhere (Hatzelmann A, Tenor H and 
Schudt C, Differential effects of non-selective and selective phosphodiesterase inhibitors on human 
eosinophil functions. Brit J Pharmacol 114: 821-831, 1995). Briefly, total granulocytes were first purified 
from blood (anticoagulated with 0.3 % w/v sodium citrate) by dextran sedimentation, centrifugation on 
Ficoll Paque and hypotonic lysis of remaining red blood cells. For the further purification of the eosino- 
phil fraction the magnetic cell separation (MACS) system from Miltenyi Biotec (Bergisch-Gladbach, 
Germany) was applied. Eosinophils were separated from neutrophils by negative selection using anti- 
CD16 microbeads in a two-step protocol using D- and BS- (formerly called B r ) separation columns. By 
this method human eosinophils with a purity of > 99 % and a viability of > 97 % were obtained. 
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The chemiluminescence (CL) assay was essentially performed as described (Hatzelmann et al M 1995). 
Briefly, measurements were performed in a °CL-buffer" (140 mM NaCI, 5 mM KCI f 1 mM MgCI 2l 10 mM 
HEPES, pH 7.4) containing 1 mM CaCI 2> 1 mg/ml glucose, 0.05 % (w/v) BSA, 10 \sU luminol and 4 pM 
microperoxidase (all values correspond to final concentrations in the assays) in a total volume of 0.5 ml 
at a cell concentration of 10 6 cells/ml. Aliquots (0.4 ml) of the cell suspension (containing luminol and 
microperoxidase) were preincubated for 5 min at 37°C in the absence or presence of inhibitors (0.05 
ml). Stock solutions of the inhibitors (10 mM) were prepared in DMSO and diluted 1:100 (v/v) in CL- 
buffer; subsequent dilutions were made in 1 % DMSO/CL-buffer to achieve the final drug concentrations 
in the assays at a DMSO concentration of 0.1 % (v/v) which by itself only weakly affected the CL re- 
sponse. As a further addition (0.01 ml) during the preincubation of the cells salbutamol (100 nM final 
concentration, which by itself hardly affected the CL response) was included as additional cAMP trigger. 
After preincubation, the assays were transferred into a "Multi-Biolumat LB 9505C" from Berthold (Wild- 
bad, Germany) and stimulated by the addition of 0.05 ml C5a (dissolved in CL-buffer; 100 nM final con- 
centration). CL was continuously recorded for 1 min (C5a) and the AUC (area under the curve) calcu- 
lated. Inhibition of CL by the compounds under these conditions is given as -log !C 30 (mol/l). 

The inhibition of CL by the compounds according to the invention [as -log IC^ (mol/l)] follow from the 
Table A below, in which the numbers of the compounds correspond to the number of the examples. 
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Table A: 



Compound 


Inhibition of PDE4 
activity 

[-IoglC 50 (mol/I)] 


IJ2-Adrenoceptor ago- 
nistic affinity 

[-logEC 50 (mol/I)] 


Inhibition of C5a- 
stimulated chemilu- 

1 1 III I CO L. CI tKr%S 

F-loalC™ fmol/IVI ! 


1 


6.97 


7.89 


5 59 


2 


7 33 


6 86 




3 


7.47 


6.77 




5 


8 31 




fi 70 


6 


7 69 


7 60 


r no 


8 


8 18 




ft AC\ 
D.4U 


11 


7 59 


8 11 

O. 1 | 


R 99 


12 


7 65 


8 61 


R Q9 


13 


7 80 


R Q1 




14 


7 4^ 


7 9 A 


O.oU 


20 


10.17 


8.64 


7.10 


21 


10.03 




6.52 


22 


9.79 




6.70 


25 


10.62 




6.10 


27 


11.20 




6.40 ! 


30 


10.67 




6.70 


32 


11.40 




6.64 


33 


10.07 




6.30 
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Compounds of formula I 



R8 




H 



Ar, 



OH 

(0 



in which 

Ar, represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 




wherein 

R1 Is hydroxy!, halogen, 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substi- 
tuted by fluorine, 

R2 is hydroxyl, halogen, 1-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloa!kylmethoxy, or 1-4C-aIkoxy 

which is completely or predominantly substituted by fluorine, 
R3 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R4 is 1-4C-alkyl and 
R5 is hydrogen or 1-4C-alkyl, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur 
atom, 
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R6 and R7 represent independently from one another hydrogen or 1-4C-alkyl, or R6 and R7 together 
and with inclusion of the two carbon atoms, to which they are bonded, form a group selected 



A represents -C m H 2m -Y-X-C n H 2n - or -Y-X-C m H 2m -Z-C n H 2n - ( wherein 

X represents a bond, -O- (oxygen), -S- (sulfur), -NH-, -C(0)- t -S(0) 2 -, -C(0)-NH-, -NH-C(O)-, 
-C(S)-NH-, -NH-C(S)-, -NH-C(0)-NH- or -NH-CfSJ-NH-, 

Y represents a bond, phenylene, 4-8C-cycloaIkylene or azacycloalkylene, 

2 represents -0-, -S-, -S(0) 2 -, -NH-C(O)-, -C(0)-NH-, -NH~C(S)- or -C(S)-NH-, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4, 
R8 is hydrogen or 1-4C-alkyl, 

Ar 2 represents a 8-hydroxy-1 H-quino!in-2-on-5-yl radical or a phenyl radical substituted by R9, R10 

and R11, 
wherein 

R9 is hydrogen, halogen, hydroxyl, amino, ureido [-NH-C^^NHJ, formylamino [-NH-C(0)H], 
1-4C-alkylcarbonylamino f di-1-4C-alkylaminocarbonyloxy, tolylcarbonyloxy [-O-CfOJ-CgH^CHJ, 
hydroxymethyl, 1-4C-alkylcarbonyloxy t 1 -4C-alkyl, 1 -4C-alkoxy, 1 -4C-alkylsulfonylamino, 
1-4C-alkylsulfonylmethyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxyl, cyano, trifluoromethyl, tolylcarbonyloxy [-0-C(0)-C 5 H 4 -CH 3 ], 
hydroxymethyl or 1-4C-alkylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 

2. Compounds of formula I according to claim 1 in which 

ATi represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



from 
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wherein 

R1 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-SC-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-aIkoxy which is completely or 

predominantly substituted by fluorine, 
R4 is 1-4C-alkyland 
R5 is hydrogen or 1-4C-alkyl, 

or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R6 and R7 represent independently from one another hydrogen or 1-4C-alkyl, or R6 and R7 together 
and with inclusion of the two carbon atoms, to which they are bonded, form a group selected 
from 




and A either represents -C m H 2m -Y-X-C n H 2n -, wherein either 
X represents a bond, 

Y represents a bond, 

m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -0-, -S-, -C(O)-, -8(0)2-, -C(0)-NH- or -C(S)-NH-, 

Y represents 1 ,4-phenylene, 1 ,3-phenylene, 1,4-cyclohexylene, 1 ,3-cyclohexylene or 
1,3-cyclopentylene, 

m is an integer from 0 to 4, and 



WO 01/94319 PCT/EP01/06230 

-67- 

n is an integer from 1 to 4, 
or 

X represents a bond, -C(O)-, -8(0)2-, -C(0)-NH- or -C(S)-NH-, 

Y represents 4,1-piperidinylene, 
m is 0, and 

n is an integer from 1 to 4, 
or 

X represents a bond, -C(O)-, -S(0) r , -C(0)-NH- or -C(S)-NH-, 

Y represents 1 ,4-piperazinylene, 
m is an integer from 1 to 4, and 

n is an integer from 1 to 4, 

or 

A represents -Y-X-CJH^-Z-CnH^-, wherein 

X represents a bond, -C(O)-, -S(0) r , -C(0)-NH- or -C(S)-NH-, 

Y represents 4, 1 -piperidiny lene, 

2 represents a bond, -0-, -S-, -S(0) 2 - or -C(0>NH-, 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -O-, -S-, -C(O)-, -S(0) 2 -, -C(0)-NH- or -C(S)-NH-, 

Y represents 1 ,4-phenylene, 1 ,3-phenylene, 1 ,4-cyclohexyiene, 1 ,3-cyclohexyiene or 
1 ,3-cyclopentylene, 

Z represents a bond, -0-, -S-, -S(0) 2 - or ^C(0)-NH-, 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
R8 is hydrogen, methyi or ethyl, 

Ar 2 represents a 8-hydroxy-1 H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R11, wherein 

R9 is hydrogen, halogen, hydroxyl, amino, ureido [-NH-CfCO-NHJ, formylamino [-NH-C(0)H], 
1-4C-alkylcarbonylamino, di-1-4C-alkylaminocarbonyloxy, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3] t 
hydroxymethyl, 1 -4C-alkylcarbonyloxy f 1 -4C-aIkyl, 1 -4C-alkoxy , 1 -4C-alkylsulfonyIamino, 
1-4C-alkylsuIfonylmethyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxy!, cyano, trifiuoromethyl, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3] f 
hydroxymethyl or 1-4C-alkylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 



c 
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3. Compounds of formula I according to claim 1 in which 

represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



wherein 

R1 is 1 -2C-aikoxy or 1 -2C-alkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cyc!oalkylmethoxy, or 1-2C-aIkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-2C-alkoxy or 1-2C-aikoxy which is completely or predominantly substituted by fluorine, 
R4 is methyl and 
R5 ' is hydrogen, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 

linked cyclopentane or cyclohexane ring, 
R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 

selected from 



and A either represents -C m H 2m -Y-X-C n H 2n -, wherein 
either 

X represents a bond, 

Y represents a bond, 

m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -O- or -C(0)-NH-, 

Y represents 1 ,4-phenylene or 1 ,4-cyclohexylene, 




(ib) 



R5 
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m is an integer from 0 to 4, and 

n is an integer from 1 to 4, 
or 

X represents a bond, -0(0)-, -SfO^- or -C(S)-NH- 

Y represents 4,1 -piperidinylene, 

m is 0 f and 

n is an integer from 1 to 4, 



A represents -Y-X-C m H 2m -Z-C n H 2n - I wherein 
either 

X represents a bond or -C(0)- f 

Y represents 4, 1 -piperidinylene, 

Z represents a bond, -S- or -S(0) 2 -, 
m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
or 

X represents a bond, -O- or -C(0)-NH-, 

Y represents 1 f 4-phenylene or 1 ,4-cyciohexyiene, 
2 represents a bond, 

m is an integer from 1 to 4, and 
n is an integer from 1 to 4, 
R8 is hydrogen, 

Ar 2 represents a 8-hydroxy-1H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R11, wherein 

R9 is hydrogen, hydroxy! or amino, 

R1 0 is hydrogen, halogen, cyano, trifluoromethyl or hydroxymethyl, 
R1 1 is hydrogen or halogen, 
and the salts of these compounds. 

4. Compounds of formula I according to claim 1 in which 

Ar, represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



or 
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R1 




R2 



(la) 



R3 




(lb) 



R5 



wherein 

R1 is methoxy or ethoxy, 
R2 is methoxy or ethoxy, 
R3 is methoxy, 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane ring, 

R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 
selected from 



and A either represents -C m H 2m -Y-X-C n H 2n -, wherein 
either 

X represents a bond, 

Y represents a bond, 

m is an integer from 1 to 4, and 

n is an integer from 1 to 4, 
or 

X represents a bond, -O or -C(0)-NH-, 

Y represents 1,4-phenylene, 
m is an integer from 0 to 1 , and 
n is an integer from 1 to 4, 

or 

X represents a bond, -C(O)-, -S(0) 2 - or -C(S)-NH-, 

Y represents 4, 1 -piperidinylene, 
m is 0, and 

n is an integer from 1 to 4, 




or 
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A represents -Y-X-C^H^-Z-CnH^-, wherein 

X represents a bond or -C(O)-, 

Y represents 4, 1 -piperidinylene, 

2 represents a bond, -S- or -S(0)2-, 

m is 2 or 3, and 

n is 2 or 3, 
R8 is hydrogen, 

Ar 2 is phenyi, 4-amino-3-ch!oro-5-cyanophenyl, 4-amino-3-chloro-5-trifluoromethylphenyl, 4-hydroxy- 

3-hydroxymethylphenyl, 4-amino-3-cyanophenyl or 4-amino-3,5-dichlorophenyl, 
and the salts of these compounds. 

5. Compounds of formula I according to claim 1 in which 

Arj represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofurany! 
radical of formula (lb) substituted by R3, R4 and .R5 




wherein 

R1 is hydroxyl, halogen, 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substi- 
tuted by fluorine, 

R2 is hydroxyl, halogen, 1-8C-alkoxy, 3-7C-cycloa!koxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy 

which is completely or predominantly substituted by fluorine, 
R3 is 1 -4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R4 is1-4C-alkyiand 
R5 is hydrogen or 1-4C-a!kyl, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked 5-, 6- or 7-membered hydrocarbon ring, optionally Interrupted by an oxygen or sulphur 
atom, 
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R6 and R7 represent independently from one another hydrogen or 1-4C-alkyl, or R6 and R7 together 
and with inclusion of the two carbon atoms, to which they are bonded, form a group selected 



A represents -(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 

X represents a bond, -O- (oxygen), -S- (sulfur), -NH-, -C(O)-, -C(0)-NH- or -NH-C(0)-NH-, 

Y represents a bond, phenylene, 4-8C-cycloalkylene or azacycloalkylene, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4, 
R8 is hydrogen or 1-4C-alkyl, 

Ar 2 represents a 8-hydroxy-1 H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9 t R10 



R9 is hydrogen, halogen, hydroxyl, amino, ureido [-NH-CfOJ-NHJ, formylamino [-NH-C(0)H], 
1-4C-alkylcarbonylamino, di-1-4C-alkylaminocarbonyloxy, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl, 1 -4C-a!kylcarbonyloxy, 1 -4C~alkyl, 1 -4C-alkoxy , 1 -4C-alkylsulfonylamino, 
1-4C-alkylsulfonylmethyl or 1-4C-alkoxy-1-4C-alkyl, 

R10 is hydrogen, halogen, hydroxyl, cyano, trifluoromethyl, tolylcarbonyloxy [-0-C(0)-C 6 H 4 -CH3], 
hydroxymethyl or 1-4C-a!kylcarbonyloxy, 

R1 1 is hydrogen or halogen, 

and the salts of these compounds. 



from 




and R1 1 



wherein 



6. Compounds of formula I according to claim 1 in which 

Ar 1 represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (!b) substituted by R3, R4 and R5 



f 
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R3 




R2 



(la) 



(lb) 



R5 



wherein 

R1 is 1-2C-alkoxy or 1-2C-aIkoxy which is completely or predominantly substituted by fluorine, 

R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cydoalkylmethoxy, or 1-2C-alkoxy which is completely or 

predominantly substituted by fluorine, 
R3 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R4 is methyl and 
R5 is hydrogen, 
or wherein 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 

linked cyclopentane or cyclohexane ring, 
R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 

selected from 



A represents -(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 
X represents a bond or -C(O)-, 

Y represents a bond, 1 ,4-phenylene, 1 ,4-cyclohexylene or 4, 1 -piperidinylene, 
m is an integer from 0 to 4, 
n is an integer from 1 to 4, 
R8 is hydrogen, 

Ar 2 represents a 8-hydroxy-1 H-quinolin-2-on-5-yl radical or a phenyl radical substituted by R9, R10 
and R1 1 , wherein 

R9 is hydrogen, hydroxy! or amino, 

R1 0 Is hydrogen, halogen, cyano, trifluoromethyl or hydroxymethyl, 
R1 1 is hydrogen or halogen, 
and the salts of these compounds. 
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7, Compounds of formula I according to claim 1 in which 

represents a phenyl radical of formula (la) substituted by R1 and R2 or a dihydrobenzofuranyl 
radical of formula (lb) substituted by R3, R4 and R5 



wherein 

R1 is methoxy, ethoxy or difluoromethoxy, 
R2 is methoxy or ethoxy, 
R3 is methoxy, 

R4 and R5 together and with inclusion of the two carbon atoms, to which they are bonded, form a spiro- 
linked cyclopentane ring, 

R6 and R7 together and with inclusion of the two carbon atoms, to which they are bonded, form a group 
selected from 



A represents -(CH 2 ) m -Y-X-(CH 2 ) n -, wherein 

X represents a bond, 

Y represents a bond or 1 ,4-phenylene, 

m is an integer from 0 to 4, 

n is an integer from 1 to 4, 
R8 is hydrogen, 

Ar 2 is phenyl, 4-amino-3-chloro-5-cyanophenyl, 4-amino-3-chloro-5-trifluoromethyl, 4-hydroxy-3-hy- 

droxymethylphenyl, 4-amino-3-cyanophenyl or 4-amino-3,5-dichlorphenyl 1 
and the salts of these compounds. 




(ib) 



R5 




WO 01/94319 



PCT/EPO 1/06230 



75- 



8. Medicaments containing one or more compounds of formula I according to claim 1 together with 
the usual pharmaceutical auxiliaries and/or carrier materials. 

9. Compounds of formula I according to claim 1 for use in the treatment of illnesses. 

10. Use of compounds of formula I according to claim 1 for the production of medicaments for the 
treatment of airway disorders. 
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